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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the 
publication of the Philosophical Transactions, take this opportunity 
to acquaint the Public, that it fully appears, as well from the 
council-books and journals of the Society, as from repeated de¬ 
clarations which have been made in several former Transactions, 
that the printing of them was always, from time to time, the 
single act of the respective Secretaries, till the Forty-seventh 
Volume: the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recom¬ 
mending the revival of them to some of their Secretaries, when, 
from the particular circumstances of their affairs, the Transactions 
had happened for any length of time to be intermitted. And 
this seems principally to have been done with a view to satisfy 
the Public, that their usual meetings were then continued, for the 
improvement of knowledge, and benefit of mankind, the great 
ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their 
communications more numerous, it was thought advisable that a 
Committee of their members should be appointed, to reconsider 
the papers read before them, and select out of them such as they 
should judge most proper for publication in the future Transac¬ 
tions; which was accordingly done upon the 26th of March, 
1752. And the grounds of their choice are, and will continue to 
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be, the importance and singularity of the subjects, or the advan¬ 
tageous manner of treating them, without pretending to answer 
for the certainty of the facts, or propriety of the reasonings, 
contained in the several papers so published, which must still 
rest on the credit or judgment of their respective authors. 

It is likewise necessary on this occasion to remark, that it is 
an established rule of the Society, to which they will always 
adhere, never to give their opinion, as a Body, upon any subject, 
either of Nature or Art, that comes before them. And therefore 
the thanks which are frequently proposed from the Chair, to be 
given to the authors of such papers as are read at their accus¬ 
tomed meetings, or to the persons through whose hands they 
receive them, are to be considered in no other light than as a 
matter of civility, in return for the respect shewn to the Society 
by those communications. The like also is to be said with 
regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society; the 
authors whereof, or those who exhibit them, frequently take 
the liberty to report, and even to certify in the public news¬ 
papers, that they have met with the highest applause and 
approbation. And therefore it is hoped, that no regard will 
hereafter be paid to such reports and public notices; which in 
some instances have been too lightly credited, to the dishonour 
of the Society. 
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I. The Bakerian Lecture , on some new Phenomena of chemical 
Changes produced by Electricity, particularly the Decomposition 
of the fixed Alkalies , and the Exhibition of the new substances 
which constitute their bases; and on the general Nature of alka¬ 
line Bodies. By Humphry Davy, Esq. Sec. R. S . M. R. I. A. 

Read November 19, 1807. 

I. Introduction. 

In the Bakerian Lecture which I had the honour of present¬ 
ing to the Royal Society last year, I described a number of de¬ 
compositions and chemical changes produced in substances of 
known composition by electricity, and I ventured to conclude 
from the general principles on which the phenomena were 
capable of being explained, that the new methods of investi¬ 
gation promised to lead to a more intimate knowledge than 
had hitherto been obtained, concerning the true elements of 
bodies. 
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2 Mr. Davy's Lecture on the Decomposition and Composition 

This conjecture, then sanctioned only by strong analogies, 
I am now happy to be able to support by some conclusive 
facts. In the course of a laborious experimental application 
of the powers of electro-chemical analysis, to bodies which 
have appeared simple when examined by common chemical 
agents, or which at least have never been decomposed, it has 
been my good fortune to obtain new and singular results. 

Such of the series of experiments as are in a tolerably 
mature state, and capable of being arranged in a connected 
order, I shall detail in the following sections, particularly 
those which demonstrate the decomposition and composition 
of the fixed alkalies, and the production of the new and ex¬ 
traordinary bodies which constitute their bases. 

In speaking of novel methods of investigation, I shall not 
fear to be minute. When the common means of chemical 
research have been employed, I shall mention only results. A 
historical detail of the progress of the investigation, of all the 
difficulties that occurred, and of the manner in which they 
were overcome, and of all the manipulations employed, 
would far exceed the limits assigned to this Lecture. It is 
proper to state, however, that when general facts are men¬ 
tioned, they are such only as have been deduced from pro¬ 
cesses carefully performed and often repeated. 

II. On the Methods used for the Decomposition of the fixed 
Alkalies. 

The researches I had made on the decomposition of acids, 
and of alkaline and earthy neutral compounds, proved that 
the powers of electrical decomposition were proportional to 
the strength of the opposite electricities in the circuit, and 
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to the conducting power and degree of concentration of the 
materials employed. 

In the first attempts, that I made on the decomposition of 
the fixed alkalies, I acted upon aqueous solutions of potash 
and soda, saturated at common temperatures, by the highest 
- electrical power I could command, and which was produced 
by a combination of Voltaic batteries belonging to the Royal 
Institution, containing 24 plates of copper and zinc of 12 inches 
square, 100 plates of 6 inches, and 150 of4 inches square, charg¬ 
ed with solutions of alum and nitrous acid ; but in these cases, 
though there was a high intensity of action, the water of the 
solutions alone was affected, and hydrogene and oxygene dis¬ 
engaged with the production of much heat and violent effer¬ 
vescence. 

The presence of water appearing thus to prevent any de¬ 
composition, I used potash in igneous fusion. By means of a 
stream of oxygene gas from a gasometer applied to the flame 
of a spirit lamp, which was thrown on a platina spoon contain¬ 
ing potash, this alkali was kept for some minutes in a strong 
red heat, and in a state of perfect fluidity. The spoon was 
preserved in communication with the positive side of the battery 
of the power of 100 of 6 inches, highly charged ; and the con¬ 
nection from the negative side was made by a platina wire. 

By this arrangement some brilliant phenomena were pro¬ 
duced. The potash appeared a conductor in a high degree, and 
as long as the communication was preserved, a most intense 
light was exhibited at the negative wire, and a column of 
flame, which seemed to be owing to the developement of 
combustible matter, arose from the point of contact. 

When the order was changed, so that the platina spoon 
B 2 
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was made negative, a vivid and constant light appeared at the 
opposite point: there was no effect of inflammation round 
it; but aeriform globules, which inflamed in the atmosphere, 
rose through the potash. 

The platina, as might have been expected, was consider¬ 
ably acted upon ; and in the cases when it had been negative, 
in the highest degree. 

The alkali was apparently dry in this experiment; and it 
seemed probable that the inflammable matter arose from its 
decomposition. The residual potash was unaltered ; it con¬ 
tained indeed a number of dark grey metallic particles, but 
these proved to be derived from the platina. 

I tried several experiments on the electrization of potash 
rendered fluid by heat, with the hopes of being able to collect 
the combustible matter, but without success; /and I only 
attained my object, by employing electricity as the common 
agent for fusion and decomposition. 

Though potash, perfectly dried by ignition, is a noncon¬ 
ductor, yet it is rendered a conductor, by a very slight 
addition of moisture, which does not perceptibly destroy its 
aggregation ; and in this state it readily fuses and decom¬ 
poses by strong electrical powers. 

A small piece of pure potash, which had been exposed for 
a few seconds to the atmosphere, so as to give conducting 
power to the surface, was placed upon an insulated disc of 
platina, connected with the negative side of the battery of 
the power of 250 of 6 and 4, in a state of intense activity; 
and a platina wire, communicating with the positive side, was 
brought in contact with the upper surface of the alkali. The 
whole apparatus was in the open atmosphere. 
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Under these circumstances a vivid action was soon ob¬ 
served to take place. The potash began to fuse at both its 
points of electrization. There was a violent effervescence at 
the upper surface ; at the lower, or negative surface, there 
was no liberation of elastic fluid ; but small globules having a 
high metallic lustre, and being precisely similar in visible 
characters to quicksilver, appeared, some of which burnt 
with explosion and bright flame, as soon as they were formed, 
and others remained, and were merely tarnished, and finally 
covered by a white film which formed on their surfaces. 

These globules, numerous experiments soon shewed to be 
the substance I was in search of, and a peculiar inflammable 
principle the basis of potash. I found that the platina was in 
no way connected with the result, except as the medium for 
exhibiting the electrical powers of decomposition ; and a sub¬ 
stance of the same kind was produced when pieces of copper, 
silver, gold, plumbago, or even charcoal were employed for 
compleating the circuit. 

The phenomenon was independent of the presence of air; 
I found that it took place when the alkali was in the vacuum 
of an exhausted receiver. 

The substance was likewise produced from potash fused by 
means of a lamp, in glass tubes confined by mercury, and 
furnished with hermetically inserted platina wires by which 
the electrical action was transmitted. But this operation could 
not be carried on for any considerable time ; the glass was 
rapidly dissolved by the action of the alkali, and this sub¬ 
stance soon penetrated through the body of the tube. 

Soda, when acted upon in the same manner as potash, ex¬ 
hibited an analogous result; but the decomposition demanded 
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greater intensity of action in the batteries, or the alkali was 
required to be in much thinner and smaller pieces. With the 
battery of 100 of 6 inches in full activity I obtained good 
results from pieces of potash weighing from 40 to 70 grains, 
and of a thickness which made the distance of the electrified 
metallic surfaces nearly a quarter of an inch ; but with a 
similar power it was impossible to produce the effects of 
decomposition on pieces of soda of more than 15 or 20 grains 
in weight, and that only when the distance between the wires 
was about - or - 1 - of an inch. 

o IO 

The substance produced from potash remained fluid at the 
temperature of the atmosphere at the time of its production ; 
that from soda, which was fluid in the degree of heat of the 
alkali during its formation, became solid on cooling, and ap¬ 
peared having the lustre of silver. 

When the power of 250 was used, with a very high charge 
for the decomposition of soda, the globules often burnt at the 
moment of their formation, and sometimes violently ex¬ 
ploded and separated into smaller globules, which flew with 
great velocity through the air in a state of vivid combustion, 
producing a beautiful effect of continued jets of fire. 

III. Theory of the Decomposition of the fixed Alkalies; their 
Composition , and Production. 

As in all decompositions of compound substances which I 
had previously examined, at the same time that combustible 
bases were developed at the negative surface in the electrical 
circuit, oxygene was produced, and evolved or carried into 
combination at the positive surface, it was reasonable to con- 
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elude that this substance was generated in a similar manner 
by the electrical action upoft the alkalies ; and a number of 
experiments made above mercury, with the apparatus for ex¬ 
cluding external air, proved that this was the case. 

When solid potash, or soda in its conducting state, was in¬ 
cluded in glass tubes furnished w ith electrified platina wires, 
the new substances were generated at the negative surfaces ; 
the gas given out at the other surface proved by the most 
delicate examination to be pure oxygene; and unless an 
excess of water was present, no gas w r as evolved from the 
negative surface. 

In the synthetical experiments, a perfect coincidence like¬ 
wise will be found. 

I mentioned that the metallic lustre of the substance from 
potash immediately became destroyed in the atmosphere, and 
that a white crust formed upon it. This crust I soon found 
to be pure potash,/vhich immediately deliquesced, and new 
quantities were formed, which in their turn attracted moisture 
from the atmosphere till the whole globule disappeared, and 
assumed the form of a saturated solution of potash.* 

When globules were placed in appropriate tubes containing 
common air or oxygene gas confined by mercury, an absorp¬ 
tion of oxygene took place; a crust of alkali instantly formed 
upon the globule; but from the w ant of moisture for its 

* Water likewise is decomposed in the process. We shall hereafter see that the 
bases of the fixed alkalies act upon this substance with greater energy than any other 
known bodies. The minute theory of the oxydation of the bases of the alkalies in the 
free air, is this oxygene gas is first attracted by them, and alkali formed. This 
alkali speedily absorbs water. This water is again decomposed. Hence, during the 
conversion of a globule into alkaline solution, there is a constant and rapid disen¬ 
gagement of small quantities of gas. 
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solution, the process stopped, the interior being defended 
from the action of the gas. 

With the substance from soda, the appearances and effects 
were analogous. 

When the substances were strongly heated, confined in 
given portions of oxygene, a rapid combustion with a bril¬ 
liant white flame was produced, and the metallic globules 
were found converted into a white and solid mass, which in 
the case of the substance from potash was found to be potash, 
and in the case of that from soda, soda. 

Oxygene gas was absorbed in this operation, and nothing 
emitted which affected the purity of the residual air. 

The alkalies produced were apparently dry, or at least 
contained no more moisture than might well be conceived 
to exist in the oxygene gas absorbed; and their weights 
considerably exceeded those of the combustible matters 
consumed. 

The processes on which these conclusions are founded 
will be fully described hereafter, when the minute details 
which are necessary will be explained, and the proportions 
of oxygene, and of the respective inflammable substances 
which enter into union to form the fixed alkalies, will be 
given. 

It appears then, that in these facts there is the same evidence 
for the decomposition of potash and soda into oxygene and 
two peculiar substances, as there is for the decomposition of 
sulphuric and phosphoric acids and the metallic oxides into 
oxygene and their respective combustible bases. 

In the analytical experiments, no substances capable of 
decomposition are present but the alkalies and a minute 
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portion of moisture; which seems in no other way essentia! 
to the result, than in rendering them conductors at the 
surface: for the new substances are not generated till the inte¬ 
rior, which is dry, begins to be fused; they explode when in 
rising through the fused alkali they come in contact with the 
heated moistened/surface; they cannot be produced from 
crystallized alkalies, which contain much water; and the 
effect produced by the electrization of ignited potash, which 
contains no sensible quantity of water, confirms the opinion 
of their formation independently of the presence of this 
substance. 

Fhe combustible bases of the fixed alkalies seem to be 
repelled as other combustible substances, by positively elec* 
trifled surfaces, and attracted by negatively electrified sur¬ 
faces, and the oxygene follows the contrary order ;* or the 
oxygene being naturally possessed of the negative energy, 
and the bases of the positive, do not remain in combination 
when either of them is brought into an electrical state 
opposite to its natural one. In the synthesis, on the contrary, 
the natural energies or attractions come in equilibrium with 
each other; and when these are in a low state at commorf 
temperatures, a slow combination is effected ; but when they 
are exalted by heat, a rapid union is the result; and as in other 
like cases with the production of fire.—A number of circum¬ 
stances relating to the agencies of the bases of the alkalies will 
be immediately stated, and will be found to offer confirma¬ 
tions of these general conclusions. 

* See Bakerian Lecture 1806, page 28 Phil. Trans, for 1807. 
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IV. On the Properties and Nature of the Basis of Potash. 

After I had detected the bases of the fixed alkalies, I had 
considerable difficulty to preserve and confine them so as to 
examine their properties, and submit them to experiments; 
for, like the alkahests imagined by the alchemists, they 
acted more or less upon almost every body to which they 
were exposed. 

The fluid substance amongst all those I have tried, on 
which I find they have least effect, is recently distilled 
naphtha.—In this material, when excluded from the air, they 
remain for many days without considerably changing, and 
their physical properties may be easily examined in the at¬ 
mosphere when they are covered by a thin film of it. 

The basis of potash at 6o° Fahrenheit, the temperature 
in which I first examined it, appeared, as I have already men¬ 
tioned, in small globules possessing the metallic lustre, opacity, 
and general appearance of mercury ; so that when a globule 
of mercury was placed near a globule of the peculiar sub¬ 
stance, it was not possible to detect a difference by the eye. 

“ At 6 o° Fahrenheit it is however only imperfectly fluid, 
for it does not readily run into a globule when its shape is 
altered ; at 70° it becomes more fluid ; and at ioo° its fluidity 
is perfect, so that different globules may be easily made to run 
into c me. At 50° Fahrenheit it becomes a soft and malleable 
solid, which has the lustre of polished silver; and at about the 
freezing-point of water it becomes harder and brittle, and when 
broken in fragments, exhibits a crystallized texture, which in 
the microscope seems composed of beautiful facets of a perfect 
whiteness and high metallic splendour. 
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To be converted into vapour, it requires a temperature 
approaching that of the red heat; and when the experiment 
is conducted under proper circumstances, it is found unaltered 
after distillation. 

It is a perfect conductor of electricity. When a spark from 
the Voltaic battery of joo of 6 inches is taken upon a large 
globule in the atmosphere, the light is green, and combustion 
takes place at the point of contact only. When a small globule 
is used, it is completely dissipated with explosion accom¬ 
panied by a most vivid flame, into alkaline fumes. 

It is an excellent conductor of heat. 

Resembling the metals in all these sensible properties, it is 
however remarkably different from any of them in specific 
gravity; I found that it rose to the surface of naphtha dis¬ 
tilled from petroleum, and of which the specific gravity was 
.861 and it did not sink in double distilled naphtha, the 
specific gravity of which was about .770, that of water being 
considered as 1. The small quantities in which it is pro¬ 
duced by the highest electrical powers, rendered it very 
difficult to determine this quality with minute precision. I 
endeavoured to gain approximations on the subject by 
comparing the weights of perfectly equal globules of the 
basis of potash and mercury. I used the very delicate balance 
of the Royal Institution, which when loaded with the quantities 
I employed, and of which the mercury never exceeded ten 
grains, is sensible at least to the ~~~ of a grain. Taking 
the mean of 4 experiments, conducted with great care, its 
specific gravity at 62° Fahrenheit, is to that of mercury 
as 10 to 223, which gives a proportion to that of water 
nearly as 6 to 10; so that it is the lightest fluid body 
C 2 
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known. In its solid form it is a little heavier, but even in 
this state when cooled to 40° Fahrenheit, it swims in the 
double distilled naphtha. 

The chemical relations of the basis of potash are still more 
extraordinary than its physical ones. 

* I have already mentioned its alkalization and combustion 
in oxygene gas.—It combines with oxygene slowly and with* 
out flame at all temperatures that I have tried below that of 
its vaporization.—But at this temperature combustion takes 
place, and the light is of a brilliant whiteness and the heat 
intense. When heated slowly in a quantity of oxygene gas not 
sufficient for its complete conversion into potash, and at a 
temperature inadequate to its inflammation, 400° Fahrenheit, 
for instance, its tint changes to that of a red brown, and when 
the heat is withdrawn, all the oxygene is found to be absorbed, 
and a solid is formed of a greyish colour, which partly con* 
sists of potash and partly of the basis of potash in a lower 
degree of oxygenation,—and which becomes potash by being 
exposed to water, or by being again heated in fresh quantities 
of air. 

The substance consisting of the basis of potash combined 
with an under proportion of oxygene, may likewise be formed 
by fusing dry potash and its basis together under proper cir¬ 
cumstances.—The basis rapidly loses its metallic splendour; 
the two substances unite into a compound, of a red brown 
colour when fluid, and of a dark grey hue when solid; and 
this compound soon absorbs its full proportion of oxy¬ 
gene when exposed to the air, and is wholly converted into 
potash. 

And the same body is often formed in the analytical 
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experiments when the action of the electricity is intense, and 
the potash much heated. 

The basis of potash when introduced into oxymuriatic add 
gas bums spontaneously with a bright red light, and a white 
salt proving to be muriate of potash is formed. 

When a globule is heated in hydrogene at a degree below 
its point of vaporization, it seems to dissolve in it, for the glo¬ 
bule diminishes in volume, and the gas explodes with alkaline 
fumes and bright light, when suffered to pass into the air; 
but by cooling, this spontaneous detonating property is 
destroyed, and the basis is either wholly or principally 
deposited. 

The action of the basis of potash on water exposed to the 
atmosphere is connected with some beautiful phenomena. 
When it is thrown upon water, or when it is brought into con¬ 
tact with a drop of water at common temperatures, it decom¬ 
poses it with great violence, an instantaneous explosion is 
produced with brilliant flame, and a solution of pure potash is 
the result. 

In experiments of this kind, an appearance often occurs 
similar to that produced by the combustion of phosphuretted 
hydrogene ; a white ring of smoke, which gradually extends 
as it rises into the air 

When water is made to act upon the basis of potash out 
of the contact of air and preserved by means of a glass tube 
under naphtha, the decomposition is violent; and there is much 
heat and noise, but no luminous appearance, and the gas 
evolved when examined in the mercurial or water pneumatic 
apparatus is found to be pure hydrogene. 

When a globule of the basis of potash is placed upon ice it 
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instantly burns with a bright flame, and a deep hole is made 
in the ice, which is found to contain a solution of potash. 

The theory of the action of the basis of potash upon water 
exposed to the atmosphere, though complicated changes occur, 
is far from being obscure. The phenomena seem to depend 
on the strong attractions of the basis for oxygene and of the 
potash formed for water. The heat, which arises from two 
causes, decomposition and combination, is sufficiently intense 
to produce the inflammation. Water is a bad conductor of heat; 
the globule swims exposed to air; a part of it, there is the 
greatest reason to believe, is dissolved by the heated nascent 
hydrogene; and this substance being capable of spontaneous 
inflammation, explodes, and communicates the effect of com- 
bustion to any of the basis that may be yet uncombined. 

When a globule confined out of the contact of air is acted 
upon by water, the theory of decomposition is very simple, 
the heat produced is rapidly carried off, so that there is no 
ignition ,* and a high temperature being requisite for the solu¬ 
tion of the basis in hydrogene this combination probably does 
not take place, or at least it can have a momentary existence 
only. 

The production of alkali in the decomposition of water by 
the basis of potash is demonstrated in a very simple and 
satisfactory manner by dropping a giobule of it upon mois¬ 
tened paper tinged with turmeric. At the moment that the 
globule comes into contact with the water, it burns,and moves 
rapidly upon the paper, as if in search of moisture, leaving 
behind it a deep reddish brown trace, and acting upon the paper 
precisely as dry caustic potash. 

So strong is the attraction of the basis of potash for oxygene. 
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and so great the energy of its action upon water, that it dis¬ 
covers and decomposes the small quantities of water con¬ 
tained in alcohol and ether, even when they are carefully 
purified. 

In ether this decomposition is connected with an instructive 
result. Potash is insoluble in this fluid; and when the basis 
of potash is thrown into it, oxygene is furnished to it, and 
hydrogene gas disengaged, and the alkali as it forms renders 
the ether white and turbid. 

In both these inflammable compounds the energy of its 
action is proportional to the quantity of water they contain, 
and hydrogene and potash are the constant result. 

The basis of potash when thrown into solutions of the mine¬ 
ral acids, inflames and burns on the surface. When it is 
plunged by proper means beneath the surface enveloped 
in potash, surrounded by naphtha, it acts upon the oxygene 
with the greatest intensity, and all its effects are such as may 
be explained from its strong affinity for this substance. In 
sulphuric acid a white saline substance with a yellow coating, 
which is probably sulphate of potash surrounded by sulphur, 
and a gas which has the smell of sulphureous acid, and which 
probably is a mixture of that substance with hydrogene gas, 
are formed. In nitrous acid, nitrous gas is disengaged, and 
nitrate of potash formed. 

The basis of potash readily combines with the simple inflam¬ 
mable solids, and with the metals; with phosphorus and 
sulphur, it forms compounds similar to the metallic phos- 
phurets and sulphurets. 

When it is brought in contact with a piece of phosphorus, 
and pressed upon, there is a considerable action: they become 
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fluid together, burn, and produce phosphate of potash. When 
the experiment is made under naphtha, their combination takes 
place without the liberation of any elastic matter, and they 
form a compound which has a considerably higher point of 
fusion than its two constituents, and which remains a soft solid 
in boiling naphtha. In its appearance it perfectly agrees with 
a metallic phosphuret, it is of the colour of lead, and when 
spread out, has a lustre similar to polished lead. When 
exposed to air at common temperatures, it slowly combines 
with oxygene, and becomes phosphate of potash. When 
heated upon a plate of platina, fumes exhale from it, and it 
does not burn till it attains the temperature of the rapid com¬ 
bustion of the basis of potash. 

When the basis of potash is brought in contact with sul¬ 
phur in fusion, in tubes filled with the vapour of naphtha, they 
combine rapidly with the evolution of heat and light, and a 
grey substance, in appearance like artificial sulphuret of iron, 
is formed, which if kept in fusion, rapidly dissolves the glass, 
and becomes bright brown. When diis experiment is made 
in a glass tube hermetically sealed, no gas is liberated if 
the tube is opened under mercury ; but when it is made in a 
tube connected with a mercurial apparatus, a small quantity of 
sulphuretted hydrogene is evolved, so that the phenomena 
are similar to those produced by the union of sulphur with the 
metals in which sulphuretted hydrogene is likewise disengaged, 
except that the ignition is stronger.* When the union is effected 

* The existence of bydrogerte in sulphur, is rendered very probable by the ingenious 
researches of M. Berthoilet Jan. Annales de Cbimie, Fevrier 1807 page 143, The fact is 
almost demonstrated by an experiment which 1 saw made byW. Clay field, Esq. at Bristol, 
in 1799* Copper filings and powdered sulphur, in weight in the proportion of three 
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m the atmosphere, a great inflammation takes place, and sul- 
phuret of potash is formed. The sulphuretted basis likewise 
gradually becomes oxygenated by exposure to the air, and is 
finally converted into sulphate. 

The new substance produces some extraordinary and beau¬ 
tiful results with mercury. When one part of it is added to 
8 or 10 parts of mercury in volume at 6 o° Fahrenheit, they 
instantly unite and form a substance exactly like mercury in 
colour, but which seems to have less coherence, for small 
portions of it appear as flattened spheres. When a globule 
is made to touch a globule of mercury about twice as large, 
they combine with considerable heat; the compound is fluid 
at the temperature of its formation ; but when cool it appears 
as a solid metal, similar in colour to silver. If the quantity of 
the basis of potash is still farther increased, so as to be about 
^th the weight of the mercury, the amalgam increases in 
hardness, and becomes brittle. The solid amalgam, in which 
the basis is in the smallest proportion, seems to consist of 
about 1 part in weight of basis and 70 parts of mercury, and 
is very soft and malleable. 

When these compounds are exposed to air, they rapidly 
absorb oxygene ; potash which deliquesces is formed; and in 
a few minutes the mercury is found pure and unaltered. 

When a globule of the amalgam is thrown into water, it 


to one rendered very dry, were heated together in a retort, connected with a mercurial 
pneumatic apparatus. At the moment of combination a quantity of elastic fluid was 
liberated amounting to 9 or 10 times the volume of the materials employed, and which 
consisted of sulphuretted hydrogene mixed with sulphureous acid. The first men¬ 
tioned product, there is every reason to believe, must be referred to the sulphur, the 
last probably to the copper, which it is easy to conceive may have become slightly 
and superficially oxidated during the processes of filing and drying by heat, 

mdcccvih. D 
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rapidly decomposes it with a hissing noise ; potash is formed, 
pure hydrogene disengaged, and the mercury remains free. 

The fluid amalgam of mercury and this substance dissolves 
all the metals I have exposed to it; and in this state of union, 
mercury acts on iron and platina. 

When the basis of potash is heated with gold, or silver, or 
copper, in a close vessel of pure glass, it rapidly acts upon 
them; and when the compounds are thrown into water, this 
fluid is decomposed, potash formed, and the metals appear to 
be separated unaltered. 

The basis of potash combines with fusible metal, and forms 
an alloy with it, which has a higher point of fusion than the 
fusible metal. 

The action of the basis of potash upon the inflammable oily 
compound bodies, confirms the other facts of the strength of 
its attraction for oxygene. 

On naphtha colourless and recently distilled, as I have al¬ 
ready said, it has very little power of action; but in naphtha 
that has been exposed to the air it soon oxidates, and alkali is 
formed, which unites with the naphtha into a brown soap that 
collects round the globule. 

On the concrete oils (tallow, spermaceti, wax, for instance), 
when heated, it acts slowly, coaly matter is deposited, a little 
gas* is evolved, and a soap is formed; but in these cases it is 


* When a globule of the basis of potash is introduced into any of the fixed oils 
heated, the first product is pure hydrogene which arises from the decomposition of the 
water absorbed by the crust of potash during the exposure to the atmosphere. The 
gas evolved, when the globule is freed from this crust, I have found to be carbo¬ 
nated hydrogene requiring more than an equal bulk of oxygene gas for its complete 
saturation by explosion. I have made a great number of experiments, which it would 
be foreign to the object of this lecture to giye in minute detail, on the agencies of the 
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necessary that a large quantity of the oil be employed. On 
the fluid fixed oils it produces the same effects, but more 
slowly. 

By heat likewise it rapidly decomposes the volatile oils; 
alkali is formed, a small quantity of gas is evolved, and char¬ 
coal is deposited. 

When the basis of potash is thrown into camphor in fusion, 
the camphor soon becomes blackened, no gas is liberated in 
the process of decomposition, and a saponaceous compound 
is formed; which seems to shew that camphor contains more 
oxygene than the volatile oils. 

The basis of potash readily reduces metallic oxides when 
heated in contact with them. When a small quantity of the 
oxide of iron was heated with it, to a temperature approaching 
its point of distillation, there was a vivid action; alkali and 
grey metallic particles, which dissolved with effervescence in 
muriatic acid, appeared. The oxides of lead and the oxides of tin 
were revived still more rapidly; and when the basis of potash 
was in excess, an alloy was formed with the revived metaL 

In consequence of this property, the basis of potash readily 
decomposes flint glass and green glass, by a gentle heat; 
alkali is immediately formed by oxygene from the oxides, 
which dissolves the glass, and a new surface is soon exposed 
to the agent. 

basis of potash on the oik. Some anomalies occurred which led to the inquiry, and the 
result wa» perfectly conclusive. Olive oil, oil of turpentine, and naphtha when decom¬ 
posed by heat, exhibited as products different proportions of charcoal, heavy inflam¬ 
mable gas, empyreumatic oily matter, and water, so that the existence of oxygene in 
them was fully proved ; and accurate indications of the proportions of their element^ 
might be gained by their decomposition by the basis of potash. Naphtha of all fin 
nished least water and carbonic acid, and oil of turpentine the most. 

D 2 
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At a red heat, even the purest glass is altered by the basis 
of potash: the oxygene in the alkali of the glass seems to be 
divided between the two bases, the basis of potash and the 
alkaline basis in the glass, and oxides, in the first degree of 
oxygenation, are the result. When the basis of potash is 
heated in tubes made of plate glass filled with the vapour of 
naphtha, it first acts upon the small quantity of the oxides of 
cobalt and manganese in the interior surface of the glass, and 
a portion of alkali is formed. As the heat approaches to red¬ 
ness, it begins to rise in vapour, and condenses in the colder 
parts of the tube; but at the point where the heat is strongest, 
a part of the vapour seems to penetrate the glass, rendering 
it of a deep red brown colour; and by repeatedly distilling 
and heating the substance in a close tube of this kind, it finally 
loses its metallic form, and a thick brown crust, which slowly 
decomposes water, and which combines with oxygene when 
exposed to air forming alkali, lines the interior of the tube, 
and in many parts is found penetrating through its substance.* 

In my first experiments on the distillation of the basis of 
potash, I had great difficulty in accounting for these pheno¬ 
mena ; but the knowledge of the substance it forms in its first 
degree of union with oxygene, afforded a satisfactory expla¬ 
nation. 

* This is the obvious explanation in the present state of our knowledge; blit it 
is more than probable that the silex of the glass likewise suffers some change, and 
probably decomposition. This subject I hope to be able to resume on another occa- 
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5. On the Properties and Nature of the Basis of Soda. 

The basis of soda, as I have already mentioned, is a solid 
at common temperatures. It is white, opaque, and when ex¬ 
amined under a film of naphtha, has the lustre and general 
appearance of silver. It is exceedingly malleable, and is much 
softer than any of the common metallic substances. When 
pressed upon by a platina blade, with a small force, it spreads 
into thin leaves, and a globule of the —th or th of an inch 
in diameter is easily spread over a surface of a quarter of an 
inch,* and this property does not diminish when it is cooled 
to 32® Fahrenheit. 

It conducts electricity and heat in a similar manner to the 
basis of potash ; and small globules of it inflame by the voltaic 
electrical spark, and burn with bright explosions. 

Its specific gravity is less than that of water. It swims in 
oil of sassafras of 1.096, water being 1, and sinks in naphtha 
of specific gravity .861. This circumstance enabled me to 
ascertain the point with precision. I mixed together oil of 
sassafras and naphtha, which combine very perfectly, observ¬ 
ing the proportions till I had composed a fluid, in which it 
remained at rest above or below; and this fluid consisted of 
nearly twelve parts naphtha, and five of oil of sassafras, which 
gives a specific gravity to that of water, nearly as nine to 
ten, or more accurately as .9348 to 1. 

The basis of soda has a much higher point of fusion than 
the basis of potash ; its parts begin to lose their cohesion at 


• Globules may be easily made to adhere and form one mass by strong pressure : 
so that the property of welding, which belongs to iron and platina at a white heat 
only, is possessed by this substarce at common temperatures. 
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about 120° Fahrenheit, and it is a perfect fluid at about i 8 o e , 
so that it readily fuses under boiling naphtha. 

I have not yet been able to ascertain at what degree of heat 
it is volatile; but it remains fixed in a state of ignition at the 
point of fusion of plate glass. 

The chemical phenomena produced by the basis of soda, are 
analogous to those produced by the basis of potash; but with 
such characteristic differences as might be well expected. 

When the basis of soda is exposed to the atmosphere, it 
immediately tarnishes, and by degrees becomes covered with 
a white crust, which deliquesces much more slowly than the 
substance which forms on the basis of potash. It proves, on 
minute examination, to be pure soda. 

The basis of soda combines with oxygene slowly, and 
without luminous appearance at all common temperatures; 
and when heated, this combination becomes more rapid ; but 
no light is emitted till it has acquired a temperature nearly 
that of ignition. 

The flame that it produces in oxygene gas is white, and it 
sends forth bright sparks, occasioning a very beautiful effect; 
in common air, it burns with light of the colour of that pro¬ 
duced during the combustion of charcoal, but much brighter. 

The basis of soda when heated in hydrogene, seemed to 
have no action upon it. When introduced into oxymuriatic 
acid gas, it burnt vividly with numerous scintillations of a 
bright red colour. Saline matter was formed in this combus¬ 
tion, which, as might have been expected, proved to be mu¬ 
riate of soda. 

Its operation upon water offers most satisfactory evidence 
of its nature. When thrown upon this fluid, it produces a 
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violent effervescence, with a loud hissing noise; it combines 
with the oxygene of the water to form soda, which is dis¬ 
solved, and its hydrogene is disengaged. In this operation 
there is no luminous appearance ; and it seems probable that 
even in the nascent state hydrogene is incapable of combining 
with it.* 

When the basis of soda is thrown into hot water, the de¬ 
composition is more violent, and in this case a few scintilla¬ 
tions are generally observed at the surface of the fluid; but 
this is owing to small particles of the basis, which are thrown 
out of the water sufficiently heated, to burn in passing through 
the atmosphere. When, however, a globule is brought in 
contact with a small particle of water, or with moistened 
paper, the heat produced (there being no medium to carry 
it off rapidly) is usually sufficient for the accension of the 
basis. 

The basis of soda acts upon alcohol and ether precisely in 
a similar manner with the basis of potash. The water that 
they contain is decomposed; soda is rapidly formed, and hy¬ 
drogene disengaged. 

The basis of soda, when thrown upon the strong acids, acts 
upon them with great energy. When nitrous acid is em¬ 
ployed, a vivid inflammation is produced; with muriatic and 
sulphuric acid, there is much heat generated, but no light. 

When plunged, by proper means, beneath the surface of 
the acids, it is rapidly oxygenated ; soda is produced, and the 
other educts are similar to those generated by the action of 
the basis of potash. 

* The more volatile metals only seem capable of uniting with hydrogene; a cir¬ 
cumstance presenting an analogy. 
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With respect to the fixed and volatile oils and naphtha in 
their different states, there is a perfect coincidence between 
the effects of the two new substances, except in the difference of 
the appearances of the saponaceous compounds formed: those 
produced by the oxydation and combination of the basis of 
soda being of a darker colour, and apparently less soluble. 

The basis of soda, in its degrees of oxydation, has precisely 
similar habits with the basis of potash. 

When it is fused with dry soda, in certain quantities, there 
is a division of oxygene between the alkali and the base ; and 
a deep brown fluid is produced, which becomes a dark grey 
solid on cooling, and which attracts oxygene from the air, or 
which decomposes water, and becomes soda. 

The same body is often formed in the analytical processes 
of decomposition, and it is generated when the basis of soda 
is fused in tubes of the purest plate glass. 

There is scarcely any difference in the visible phenomena 
of the agencies of the basis of soda, and that of potash on 
sulphur, phosphorus, and the metals. 

It combines with sulphur in close vessels filled with the 
vapour of naphtha with great vividness, with light, heat, and 
often with explosion from the vaporization of a portion of 
sulphur, and the disengagement of sulphuretted hydrogene 
gas. The sulphuretted basis of soda is of a deep grey colour. 

The phosphuret has the appearance of lead, and forms 
phosphate of soda by exposure to air, or by combustion. 

The basis of soda in the quantity of renders mercury 
a fixed solid of the colour of silver, and the combination is 
attended with a considerable degree of heat. 

It makes an alloy with tin, without changing its colour, and 
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it acts upon lead and gold when heated. I have not examined 
its habitudes with any other metals, but in its state of alloy, 
it is soon converted into soda by exposure to air, or by the 
action of water, which it decomposes with the evolution of 
hydrogene. 

The amalgam of mercury and the basis of soda, seems to 
form triple compounds with other metals. I have tried iron 
and platina, which I am inclined to believe remain in com¬ 
bination with the mercury, when it is deprived of the new 
substance by exposure to air. 

The amalgam of the basis of soda and mercury likewise 
combines with sulphur and forms a triple compound of a dark 
grey colour. 

VI. On the Proportions of the peculiar Bases and Oxygene in 
Potash and Soda. 

The facility of combustion of the bases of the alkalies, and 
the readiness with which they decomposed water, offered 
means fully adequate for determining the proportions of their 
ponderable constituent parts. 

I shall mention the general methods of the experiments, 
and the results obtained by the different series, which approach 
as near to each other as can be expected in operations per¬ 
formed on such small quantities of materials. 

For the process in oxygene gas, I employed glass tubes 
containing small trays made of thin leaves of silver or other 
noble metals, on which the substance to be burnt, after being 
accurately weighed or compared with a globule of mercury, 
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equal in size* was placed: the tube was small at one end, curved, 
and brought to a fine point, but suffered to remain open ; and 
the other end was fitted to a tube communicating with a 
gazometer, from which the oxygene gas was introduced, for 
neither water nor mercury could be used for filling the appa¬ 
ratus. The oxygene gas was carried through the tube till it 
was found that the whole of the common air was expelled. 
The degree of its purity was ascertained by suffering a small 
quantity to pass into the mercurial apparatus. The lower orifice 
was then hermetically sealed by a spirit lamp, and the upper 
part drawn out and finally closed, when the aperture was so 
small, as to render the temperature employed incapable of 
materially influencing the volume of the gas ; and when the 
whole arrangement was made, the combination was effected by 
applying heat to the glass in contact with the metallic tray. 

In performing these experiments many difficulties occurred. 
When the flame of the lamp was immediately brought to play 
upon the glass, the combustion was very vivid, so as sometimes 
to break the tube; and the alkali generated partly rose in 
white fumes, which were deposited upon the glass. 

When the temperature was slowly raised, the bases of the 
alkalies acted upon the metallic tray and formed alloys, and 
in this state it was very difficult to combine them with their 
full proportion of oxygene; and glass alone could not be 
employed on account of its decomposition by the alkaline 
bases; and porcelain is so bad a conductor of heat, that it was 

* When the globules were very small, the comparison with mercury, which may be 
-quickly made by means of a micrometer, was generally employed as the means of 
ascertaining the weight : for in this case the globule could be immediately introduced 
into the tube, and the weight of mercury ascertained at leisure. 
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not possible to raise it to the point required for the process, 
without softening the glass. 

In all cases the globules of the alkaline bases were carefully 
freed from naphtha before they were introduced ; of course 
a slight crust of alkali was formed before the combustion, but 
this could not materially affect the result; and when such a 
precaution was not used, an explosion generally took place 
from the vaporization and decomposition of the film of naphtha 
surrounding the globule. 

After the combustion, the absorption of gas was ascertained, 
by opening the lower point of the tube under water or mercury. 
In some cases the purity of the residual air was ascertained, 
in others the alkali formed in the tray was weighed. 

From several experiments on the synthesis of potash by 
combustion, I shall select two, which were made with every 
possible attention to accuracy, and under favourable circum¬ 
stances, for a mean result. 

In the first experiment 0.12 grains of the basis were 
employed. The combustion was made upon platina, and was 
rapid and complete; and the basis appeared to be perfectly 
saturated, as no disengagement of hydrogene took place when 
the platina tray was thrown into water. The oxygene gas 
absorbed equalled in volume 190 grain measures of quick¬ 
silver ; barometer being at 29.6 inches, thermometer 62° Fah¬ 
renheit ; and this reduced to a temperature of 60- Fahren¬ 
heit, and under a pressure equal to that indicated by 30 
inches,* would become 186.67 measures, the weight of which 

* In the correction for temperature, the estimations of Dal ton and Gay Lussac 
are taken, which make gasses expand about of the primitive volume for eve; y 
degree of Fahrenheit. 
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would be about .0184 grains troy;* but .0184,: .1384:: 
13.29: 100; and according to this estimation 100 parts of 
potash will consist of 86.7 basis, and 13.3 oxygene nearly. 

In the second experiment .07 grains of the basis absorbed 
at temperature 6 3 0 of Fahrenheit, and under pressure equal 
to 30.1 barometer inches, a quantity of oxygene equal in 
volume to 121 grain measures of mercury, and the proper 
corrections being made as in the former case, this gas would 
weigh .01189 grains. 

But as .07 -f> .01189= .08189 : 07 : : 100 : 85.48 nearly, 
and 100 parts of potash will consist of 85.5 of basis and 14.5 
of oxygene nearly. And the mean of the two experiments wall 
be 86.1 of basis to 13.9 of oxygene for 100 parts. 

In the most accurate experiment that I made on the com- 
bustion of the basis of soda .08 parts of the basis absorbed a 
quantity of oxygene equal to 206 grain measures of mercury; 
the thermometer being at 56® Fahrenheit ; and the barometer 
at 29.4; and this quantity, the corrections being made as 
before for the mean temperature and pressure, equals about 
.02 grains of oxygene. 

And as .08 +.02 = .10: .08,: : 100: 80, and 100 parts of 
soda according to this estimation will consist of 80 basis to 
20 of oxygene. 

In all cases of slow combustion, in which the alkalies were 
not carried out of the tray, I found a considerable increase of 
weight, but as it was impossible to weigh them except in the 

* From experiments that I made in 1799, on t ^ le s P e< dfic gravity of oxygene gas, 
it would appear that its weight is to that of water as 1 to 748, and to that of quicksilver 
as 1 to 10142. Researches Cbem . and Phil. p. 9; and with this estimation, that dedu- 
ciblefrom the late accurate researches of Messrs. Allen and Pepys on the Combus¬ 
tion of the Diamond almost precisely agrees. Phil. Trans. 1807, page 275. 
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atmosphere, the moisture attracted rendered the results doubt¬ 
ful; and the proportions from the weight of the oxygene 
absorbed are more to be depended on. In the experiments in 
which the processes of weighing were most speedily per¬ 
formed, and in which no alkali adhered to the tube, the basis 
of potash gained nearly 2 parts for 10, and that of soda between 
3 and 4 parts. 

The results of the decomposition of water by the bases of 
the alkalies were much more readily and perfectly obtained 
than those of their combustion. 

To check the rapidity of the process, and, in the case of 
potash, to prevent any of the basis from being dissolved, 1 
employed the amalgams with mercury. I used a known 
weight of the bases, and made the amalgams under naphtha, 
using about two parts of mercury in volume to one of basis. 

In the first instances I placed the amalgams under tubes 
filled with naphtha, and inverted in glasses of naphtha, and 
slowly admitted water to the amalgam at the bottom of the 
glass ; but this precaution I soon found unnecessary, for the 
action of the water was not so intense but that the hydrogene 
gas could be wholly collected. 

I shall give an account of the most accurate experiments 
made on the decomposition of water by the bases of potash 
and soda. 

In an experiment on the basis of potash conducted with 
every attention that I could pay to the minutiae of the opera¬ 
tions, hydrogene gas, equal in volume to 298 grains of mer¬ 
cury, were disengaged by the action of .08 grains of the basis 
of potash which had been amalgamated with about 3 grains 
of mercury. The thermometer at the end of the process 
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indicated a temperature of 56° Fahrenheit, and the barometer 
an atmospheric pressure equal to 2 9.6 inches. 

Now this quantity of hydrogene* would require for its com¬ 
bustion a volume of oxygene gas about equal to that occupied 
hy 154-9 grains of mercury, which gives the weight of oxy- 
gene required to saturate the .08 grains of the basis of potash 
at the mean temperature and pressure nearly .oi 5 i grains. 
And .08 -}- .0151 = .0951 : .08 :: 100 : 84,.i nearly. 

And according to these indications 100 parts of potash con¬ 
sist of about 84 basis and 16 oxygene. 

In an experiment on the decomposition of water by the 
basis of soda, the mercury in the barometer standing at 
30.4 inches, and in the thermometer at 52 0 Fahrenheit, the 
volume of hydrogene gas evolved by the action of .054 
grains of basis equalled that of 32 6 grains of quicksilver. 
Now this at the mean temperature and pressure would 
require for its conversion into water, .0172 of oxygene, and 
■ 0 54+ 01 7 2 ~ °7 12 : *°54 : : 100 : 76 nearly; and according 
to these indications, too parts of soda consist of nearly j6 
basis, and 24 oxygene. 

In another experiment made with very great care, .052 of 
the basis of soda were used; the mercury in the barometer 
was at 29.9 inches, and that in the thermometer at 58° Fah¬ 
renheit. The volume of hydrogene evolved was equal to 
that of 302 grains of mercury; which would demand for its 
saturation by combustion, at the mean temperature and 
pressure .01549 grains of oxygene; and 100 parts of soda, 
according to this proportion, would consist nearly of 77 basis, 
and 23 oxygene. 


Researches Cbem. and Phil. page *87. 



of the fixed Alkalies. 31 

The experiments which have been just detailed, are those 
in which the largest quantities of materials were employed; 
I have compared their results, however, with the results of 
several others, in which the decomposition of water was 
performed with great care, but in which the proportion of 
the bases was still more minute: the largest quantity of oxy- 
gene indicated by these experiments was, for potash 17, and 
for soda 26 parts in 100, and the smallest 13, and 19; and 
comparing all the estimations, it will probably be a good 
approximation to the truth, to consider potash as composed 
of about 6 parts basis and 1 of oxygene; and soda, as consist¬ 
ing of 7 basis and 2 oxygene. 

VII. Some general Observatioris on the Relations of the Bases oj 
Potash and Soda to other Bodies. 

Should the bases of potash and soda be called metals ? The 
greater number of philosophical persons to whom this question 
has been put, have answered in the affirmative. They agree 
with metals in opacity, lustre, malleability, conducting powers 
as to heat and electricity, and in their qualities of chemical 
combination. 

Their low specific gravity does not appear a sufficient 
reason for making them a new class ; for amongst the metals 
themselves there are remarkable differences in this respect, 
platina being nearly four times as heavy as tellurium ;* and in 

* Tellurium is not much more than six times as heavy as the basis of soda. There 
is great reason to believe that bodies of a similar chemical nature to the bases of 
potash and soda will be found of intermediate specific gravities between them and 
the lightest of the common metals. Of this subject, I shall treat again in the text in 
some of the following pages. 
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the philosophical division of the classes of bodies, the analogy 
between the greater number of properties must always be 
the foundation of arrangement. 

On this idea, in naming the bases of potash and soda, it will 
be proper to adopt the termination which, by common con¬ 
sent, has been applied to other newly discovered metals, and 
which, though originally Latin, is now naturalized in our 
language. 

Potasium and Sodium are the names by which I have 
ventured to calj/the two new substances: and whatever 
changes of theory, with regard to the composition of bodies, 
may hereafter take place, these terms can scarcely express 
an error ; for they may be considered as implying simply 
the metals produced from potash and soda. I have consulted 
with many of the most eminent scientific persons in this 
country, upon the methods of derivation, and the one I have 
adopted has been the one most generally approved. It 
is perhaps more significant than elegant. But it was not 
possible to found names upon specific properties not common 
to both ; and though a name for the basis of soda might have 
been borrowed from the Greek, yet an analogous one could 
not have been applied to that of potash, for the ancients do not 
seem to have distinguished between the two alkalies. 

The more caution is necessary in avoiding any theoretical 
expression in the terms, because the new electro-chemical 
phenomena that are daily becoming disclosed, seem distinctly 
to shew that the mature time for a complete generalization of 
chemical facts is"yet far distant ; and though, in the explana¬ 
tions of the various results of experiments that have been 
detailed, the antiphlogistic solution of the phenomena has 
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been uniformly adopted, yet the motive for employing it has 
been rather a sense of its beauty and precision, than a convic¬ 
tion of its permanency and truth. 

The discovery of the agencies of the gasses destroyed the 
hypothesis of Stahl. The knowledge of the powers and 
effects of the etherial substances may at a future time possibly 
act a similar part with regard to the more refined and inge¬ 
nious hypothesis of Lavoisier ; but in the present state of our 
knowledge, it appears the best approximation that has been 
made to a perfect logic of chemistry. 

Whatever future changes may take place in theory, there 
seems however every reason to believe that the metallic base* 
of the alkalies, and the common metals, will stand in the same 
arrangement of substances; and as yet we have no good 
reasons for assuming the compound nature of this class of 
bodies.* 

The experiments in which it is said that alkalies, metallic 
oxides, and earths may be formed from air and water alone, 
in processes of vegetation, have been always made in an in¬ 
conclusive manner for distilled water, as I have endeavoured 

* A phlogistic chemical theory might certainly by defended, on the idea that the 
metals are compounds of certain unknown bases with the same matter as that exist¬ 
ing in hydrogene; and the metallic oxides, alkalies and acids compounds of the same 
bases with water;—but in this theory more unknown principles would be assumed 
than in the generally received theory. It would be less elegant and less distinct. 
In my first experiments on the distillation of the basis of potash finding hydrogenc 
generally produced, I was led to compare the phlogistic hypothesis with the new facts, 
and I found it fully adequate to the explanation. More delicate researches however 
afterwards proved that in the cases when inflammable gasses appeared, water, or 
some body in which hydrogene is admitted to exist, was present. 

f The explanation of Van Helmont of his factofthe production of earth in the 
growth of the willow, was completely overturned by the researches of Woodward. 
Phil. Trans. Vol. XXI. page. 193. 
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to show,* may contaiiy both saline and metallic impregna¬ 
tions ; and the free atmosphere almost constantly holds in 
mechanical suspension solid substances of various kinds. 

In the common processes of nature, all the products of 
living beings may be easily conceived to be elicited from 
known combinations of matter. The compounds of iron, of the 
alkalies, and earths, with mineral acids, generally abound in 
soils. From the decomposition of basaltic, porphyritic,^ and 
granitic rocks, there is a constant supply of earthy alkaline and 
ferruginous materials to the surface of the earth. In the sap of 
all plants that have been examined, certain neutrosaline com¬ 
pounds, containing potash, or soda, or iron, have been found. 
From plants they may be supplied to animals. And the che¬ 
mical tendency of organization seems to be rather to combine 
substances into more complicated and diversified arrange¬ 
ments, than to reduce them into simple elements. ~ 

The conclusions which M. Bracoknot has very lately drawn from his ingenious 
experiments, Annalcs deChemie, Fevrier 1807, page 187, are rendered of little avail in 
consequence of the circumstances stated in the text. In the only case of vegetation 
in which the free atmosphere was excluded, the seeds grew in white sand, which is stated 
to have been purified by washing in muriatic acid ; but such a process was insufficient 
to deprive it of substances which might afford carbon, or various inflammable matters. 
Carbonaceous matter exists in several stones which afford a whitish or greyish powder ; 
and when in a stone, the quantity of carbonate of lime is very small in proportion to 
the other earthy ingredients, it is scarcely acted on by acids. 

* Bakerian lecture, 1806, page 8. 

f In the year 1804, for a particular purpose of geological enquiry, I made an 
analysis of the porcelain clay of St. Stevens, in Cornwall, which results from the 
dtcomposition of th^ feldspar of fine-grained granite. I could not detect in it the 
smallest quantity of alkali. In making some experiments on specimens of the 
undecompounded rock taken from beneath the surface, there were evident indica¬ 
tions of the presence of a fixed alkali, which seemed to be potash. So that it is very 
probable that the decomposition depends on the operation of water and the carbonic 
acid of the atmosphere on the alkali forming a constituent part of the chrystalline 
matter of the feldspar, which may disintegrate from being deprived of it. 
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VIII. On the Nature of Ammonia and alkalme Bodies in general; 
with Observations on some prospects of Discovery offered by the 
preceding Facts. 

Ammonia is a substance, the chemical composition of which 
has always been considered of late years as most perfectly 
ascertained, and the apparent conversion of it into hydrogene 
and nitrogene, in the experiments of Scheele, Priestley, 
and the more refined and accurate experiments of Berthollet, 
had left no doubt of its nature in the minds of the most en¬ 
lightened chemists. 

All new facts must be accompanied however by a train of 
analogies, and often by suspicions with regard to the accuracy 
of former conclusions. As the two fixed alkalies contain a 
small quantity of oxygene united to peculiar bases, may not 
the volatile alkali likewise contain it ? was a query which 
soon occurred to me in the course of enquiry; and in perusing 
the accounts of the various experiments made on the subject, 
some of which I had carefully repeated, I saw no reason to 
consider the circumstance as impossible. For supposing 
hydrogene and nitrogene to exist in combination with oxy¬ 
gene in low proportion, this last principle might easily dis¬ 
appear in the analytical experiments of decomposition by heat 
and electricity, in water deposited upon the vessels employed 
or dissolved in the gasses produced. 

Of the existence of oxygene in volatile alkali I soon satisfied 
myself. When charcoal carefully burnt and freed from mois¬ 
ture was ignited by the Voltaic battery of the power of 250 
of 6 and 4, inches square, in a small quantity of very pure 

F 2 
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ammoniacal gas:* a great expansion of the triform matter 
took place, and a white substance formed, which collected on 
the sides of the glass tube employed in the process ; and this 
matter, exposed to the action of diluted muriatic acid, effer¬ 
vesced, so that it was probably carbonate of ammonia. 

A process of another kind offered still more decisive results. 
In this the two mercurial gazometers of the invention of Mr. 
Pepys, described in No XIV. of the Phil. Trans, for 1807, were 
used with the same apparatus, as that employed by Messrs. 
Allen and Pepys for the combustion of the diamond, and these 
gentlemen kindly assisted in the experiment. 

Very pure ammoniacal gas was passed over iron wire 
ignited in a platina tube, and two curved glass tubes were so 
arranged as to be inserted into a freezing mixture ; and 
through one of these tubes the gas entered into the platina 
tube, and through the other, it passed from the platina tube 
into the airholder arranged for its reception. 

The temperature of the atmosphere was 55 0 ; but it was 
observed that no sensible quantity of water was deposited in the 
cooled glass tube transmitting the unaltered ammonia, but 
in that receiving it after its exposure to heat, moisture was 
very distinct, and the gas appeared in the airholder densely 
clouded. 

• The apparatus in which this experiment was made is described in page 214 
Journal of the Royal Institution. The gas was confined by mercury which had been 
previously boiled to expel any moisture that might adhere to it. The ammonia 
had been exposed'to the action of dry pure potash, and a portion of it equal in 
volume to 10980 grains of mercury, when acted on by distilled water, left a residuum 
equal to 9 grains of mercury only. So that the gas, there is every reason to believe, 
contained no foreign reriforra matter; for even the minute residuum may be accounted 
for by suppodng it derived from air dissolved in the water. 
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This circumstance seems distinctly to prove the formation 
of water in this operation for the decomposition of ammonia; 
unless indeed it be asserted that the hydrogene and nitrogene 
gasses evolved hold less water in solution or suspension than 
the ammonia decomposed, an idea strongly opposed by the 
conclusions of Mr. Dalton* and the experiments of Messrs. 
Desormes and ClemenT/ f- 

After the gas had been passed several times through the 
ignited tube from one gazometer to the other, the results were 
examined. The iron wire became converted superficially into 
oxide, and had gained in weight parts of a grain, about 
of a grain of water were collected from the cooled glass 
tubes by means of filtrating paper, and 33.8 cubic inches of 
gas were expanded into 55.3 cubic inches, and by detonation 
with oxygene it was found that the hydrogene gas in these 
was to the nitrogene as 3.2. to 1 in volume, 

It will be useless to enter into the more minute details of 
this experiment, as no perfectly accurate data for proportions 
can be gained from them ; for the whole of the ammonia was 
not decomposed, and as the gas had been prepared by being 
sent from a healed mixture of sal ammoniac and quicklime, 
into the airholder, it was possible that some solution of 
ammonia might have been deposited, which, by giving out new 
gas during the operation, would increase the absolute quantity 
of the material acted upon. 

In examining the results of M. Berthollet's J elaborate 
experiments on the decomposition of ammonia by electricity, I 


* Manchester Memoirs, Vol. V. Part II. page. 535, 1785. 
+ Annales de Chemie, Vol. XUI. p. 125. 

$ Memoires dc V Academic, 1785, page 324, 
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was surprised to “find that the weight of the hydrogene and 
nitrogene produced, rather exceeded than fell short of that of 
the ammonia considered as decomposed, which was evidently 
contradictory to the idea of its containing oxygene. This cir¬ 
cumstance, as well as the want of coincidence between the 
results and those of Priestley and Van Marum on the same 
subject, induced me to repeat the process of the electrization 
of ammonia, and I soon found that the quantities of the pro¬ 
ducts in their relations to the apparent quantity of gas de¬ 
stroyed were influenced by many different causes. 

Ammonia procured over dry mercury from a mixture of 
dry lime and muriate of ammonia, I found deposited moisture 
upon the sides of the vessel in which it was collected, and in 
passing the gas into the tube for electrization, it was not easy 
to avoid introducing some of this moisture, which must have 
been a saturated solution of ammonia, at the same time. 

In my first trials made upon gas, passed immediately from 
the vessel in which it had been collected into the apparatus, 
I found the expansion of 1 of ammonia vary in different in¬ 
stances from 2.8 to 2.2 measures, but the proportions of the 
nitrogene and hydrogene appeared uniform, as determined by 
detonation of the mixed gas with oxygene, and nearly as 1 to 
3 in volume. 

To exclude free moisture entirely, I carefully prepared 
ammonia in a mercurial airholder, and after it had been some 
hours at rest, passed a quantity of it into the tube for decom¬ 
position, which had been filled with dry mercury. In this case 
£0 parts became 103 parts by electrization, and there was 
still reason to suspect sources of error. 

I had used iron wires not perfectly free from rust, for 
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taking the spark, and a black film from the mercury appeared 
on the sides of the tube. It was probable that some ammonia 
had been absorbed by the metallic oxides both upon the iron 
and the mercury, which might again have been given out in 
the progress of the operation. 

I now used recently distilled mercury, which did not leave 
the slightest film on the glass tube, and wires of platina. The 
ammonia had been exposed to dry caustic potash, and proved to 
be equally pure with thatmentioned in page 3 6. 60 measures of 
it, each equal to a grain of water, were electrized till no farther 
expansion could be produced, the gas filled a space equal to 
that occupied by 108 grains of water. The thermometer in 
this experiment was at 56°, and the barometer at 30.1 inches. 
The wire of platina transmitting the spark was slightly 
tarnished.* The 108 measures of gas carefully analyzed, were 
found to consist of 80 measures in volume of hydrogene, 
and 28 measures of nitrogene. 

The results of an experiment that I made in 1799,-f give 
the weight of 100 cubic inches of ammonia, as 18.18 grains 
at the mean temperature and pressure. I had reasons however 
for suspecting that this estimation might be somewhat too 
low, and on mentioning the circumstance to Messrs. Allen 
and Pepys, they kindly undertook the examination of the 
subject, and Mr. Allen soon furnished me with the following 
data. “In the first experiment 21 cubic inches of ammonia 
weighed 4.05 grains; in a second experiment the same quantity 
weighed 4.06 grains, barometer 30.65. thermometer 54 0 
Fahrenheit/’ 

* This most probably was owing to oxydation. When platina is made positive in. 
the Voltaic circuit in contact with solution of ammonia, it is rapidly corroded. T his 
is an analogous instance. 

f Researches Chem. and Phil. p. 62. 
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New if the corrections for temperature and pressur e be 
made for these estimations, and a mean taken, ico cubic inches 
of ammonia will weigh 18.67 grains, barometer being at 30, 
and thermometer at 6o° Fahrenheit ; and if the quantity 
used in the experiment of decomposition be calculated upon 
as cubic inches, 60 will weigh 11.2 grains. But the hydro¬ 
gene gas evolved equal to 80 will weigh 1.93* grains, and 
the nitrogene equal to 28,-f- 8.3. And 11.2, grains—i-9+ 
8.3 =±= 10.2. and 11.2 — 10.2. == 1, all the estimations being 
made according to the standard temperature and pressure. 

So that in this experiment on the decomposition of ammonia, 
the weight of the gasses evolved is less by nearly than 
that of the ammonia employed ; and this loss can only be 
ascribed to the existence of oxygene in the alkali; part of 
which probably combined with the platina wires employed 
for electrization, and part with hydrogene. 

After these ideas the oxygene in ammonia cannot well be 
estimated at less than 7 or 8 parts in the hundred ; and it 
possibly exists in a larger proportion as the gasses evolved 
may contain more water than the gas decomposed, which of 
course would increase their volume and their absolute weight. J 
In supposing ammonia a triple compound of nitrogene, 


* Lavoisier’s Elements, p. 569. A cubical inch of hydrogene is considered as 
weighing .0239. 

+ Researches Chem. and Phil, page 9. From my experiments 100 cubical inches 
of nitrogene weigh at the standard temperature and pressure, 29.6 grains. 

J In the present state of our knowledge, perfectly correct data for proportions can¬ 
not probably be gained in any experiments on the decomposition of ammonia, as it 
seems impossible to ascertain the absolute quantity of water in this gas, for electriza¬ 
tion, according to Dr Henry’s ingenious researches, offers the only means known of 
ascertaining the quantity of water in gasses. 
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hydrogene, and oxygene, it is no less easy to give a rational 
account of the phaenomena of its production and decomposi¬ 
tion, than in adopting the generally received hypothesis of 
its composition. 

Oxygene, hydrogene, and nitrogene are always present 
in cases in which volatile alkali is formed; and it usually 
appears during the decomposition of bodies in which oxygene 
is loosely attached, as in that of the compounds of oxygene 
and nitrogene dissolved in water. 

At common temperatures under favourable circumstances, 
the three elements may be conceived capable of combining 
and of remaining in union : but at the heat of ignition the 
affinity of hydrogene for oxygene prevails over the complex 
attraction, water is formed, and hydrogene and nitrogene are 
evolved ; and according to these conclusions, ammonia will 
bear the same relations to the fixed alkalies, as the vegetable 
acids with compound bases do to the mineral ones with simple 
bases. 

Oxygene then may be considered as existing in, and as 
forming, an element in all the true alkalies ; and the principle 
of acidity of the French nomenclature, might now likewise 
be called the principle of alkalescence. 

From analogy alone it is reasonable to expect that the 
alkaline earths are compounds of a similar nature to the fixed 
alkalies, peculiar highly combustible metallic bases united to 
oxygene. I have tried some experiments upon barytes and 
strontites ; and they go far towards proving that this must be 
the case. When barytes and strontites, moistened with water, 
were acted upon by the power of the battery of 250 of 4 and 
6, there was a vivid action and a brilliant light at both points 
of communication, and an inflammation at the negative point. 
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In these cases the water might possibly have interfered. 
Other experiments gave however more distinct results. 

Barytes and strontites, even when heated to intense white¬ 
ness, in the electrical circuit by a flame supported by oxygene 
gas, are non-conductors; but by means of combination with 
a very small quantity of boracic acid, they become conductors ; 
and in this case inflammable matter, which burns with a deep 
red light in each instance, is produced from them at the nega¬ 
tive surface. The high temperature has prevented the success 
of attempts to collect this substance ; but there is much 
reason to believe that it is the basis of the alkaline earth 
employed. 

Barytes and strontites have the strongest relations to the 
fixed alkalies of any of the earthy bodies ;* but there is a 
chain of resemblances, through lime, magnesia, glucina, 
alumina, and silex. And by the agencies of batteries suffi¬ 
ciently strong, and by the application of proper circumstances, 
there is no small reason to hope, that even these refractory 
bodies will yield their elements to the methods of analysis by 
electrical attraction and repulsion. 

In the electrical circuit we have a regular series of powers, 
of decomposition from an intensity of action, so feeble as 
scarcely to destroy the weakest affinity existing between 
the parts of a saline neutral compound, to one sufficiently 


* The similarity between the properties of earths and metallic oxides, was noticed 
in the early periods of chemistry. The poisonous nature of barytes, and the great 
specific gravity of this substance as well as of strontites, led L a v o t s i e r to the conjec¬ 
ture that they were of a metallic nature. That metals existed in the fixed alkalies 
seems however never to have been suspected. From their analogy ho ammonia, nitro- 
geneand hydrogene have been supposed to be amongst their elements. It is singular, 
with regard to this class of bodies, that those most unlike metallic oxides are the first 
which have been demonstrated to be such. 
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energetic to separate elements in the strongest degree of 
union, in bodies undecomposable under other circumstances. 

When the powers are feeble, acids and alkalies, and acids 
and metallic oxides, merely separate from each other; when 
they are increased to a certain degree, the common me¬ 
tallic oxides and the compound acids are decomposed ; and 
by means still more exalted, the alkalies yield their elements. 
And as far as our knowledge of the composition of bodies 
extends, all substances attracted by positive electricity, are 
oxygene, or such as contain oxygene in excess ; and all that 
are attracted by negative electricity, are pure combustibles, or 
such as consist chiefly of combustible matter. 

The idea of muriatic acid, fluoric acid, and boracic acid con¬ 
taining oxygene, is highly strengthened by these facts. And 
the general principle confirms the conjecture just stated con¬ 
cerning the nature of the earths. 

In the electrization of boracic acid moistened with water, I 
find that a dark coloured combustible matter is evolved at the 
negative surface ; but the researches upon the alkalies have 
prevented me from pursuing this fact, which seems however 
to indicate a decomposition. 

Muriatic acid and fluoric acid in their gaseous states are 
non-conductors : and as there is every reason to believe that 
their bases have a stronger attraction for oxygene than water, 
there can be little hope of decomposing them in their aqueous 
solutions, even by the highest powers. In the electrization of 
some of their combinations there is however a probability of 
success. 

An immense variety of objects of research is presented in 
the powers and affinities of the new metals produced from the 
alkalies. 

G 2 
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In themselves they will undoubtedly prove powerful agents 
for analysis ; and having an affinity for oxygene stronger 
than any other known substances, they may possibly super¬ 
sede the application of electricity to some of the undecom- 
ponnded bodies. 

The basis of potash I find oxidates in carbonic acid and 
decomposes it, and produces charcoal when heated in contact 
with carbonate of lime. It likewise oxidates in muriatic acid ; 
but I have had no opportunity of making the experiment with 
sufficient precision to ascertain the results. 

In sciences kindred to chemistry, the knowledge of the 
nature of the alkalies, and the analogies arising in consequence, 
will open many new views; they may lead to the solution of 
many problems in geology, and shew that agents may have 
operated in the formation of rocks and earths which have not 
hitherto been suspected to exist. 

It would be easy to pursue the speculative part of this 
enquiry to a great extent, but I shall refrain from so occupy¬ 
ing the time of the Society, as the tenour of my object in this 
lecture has not been to state hypotheses, but to bring forward 
a new series of facts. 
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Home, Esq. F. R. S. 


Read November 26, 1807. 

In* bringing forward a fact of so much importance, as a com¬ 
munication between the cardiac portion of the stomach and the 
circulation of the blood, through the medium of the spleen, 
I shall not take up the time of the Society by offering any 
preliminary observations, but state the circumstances which 
led to the discovery, and the experiments by which the 
different facts have been ascertained. 

During the investigation of the functions of the stomach, 
(in which I have been lately engaged,) it was found that 
while digestion is going on, there is a separation between the 
cardiac and pyloric portions, either by means of a permanent 
or muscular contraction. This fact placed the process of 
digestion in a new light, and led me to consider in what way 
the quantities of different liquors, which are so often taken 
into the stomach, can be prevented from being mixed with 
the half digested food, and interfering with the formation of 
chyle. 

Pursuing this enquiry, I found that the fluids are principally 
contained in the cardiac portion, and the food that has reached 
the pyloric portion is usually of one uniform consistence, so 
that the fluids beyond what are necessary for digestion would 
appear to be carried out of the stomach, without ever reaching 
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so far as the pylorus. To ascertain the truth of this opinion 
is the object of the present Paper. 

The lymphatic vessels of the stomach are numerous, but 
they are equally or more so in the other viscera. Many cir¬ 
cumstances appeared to render it probable that the spleen is 
the route by which liquids are conveyed. The more I con¬ 
sidered the subject, new reasons in favour of this opinion 
crowded on my mind, so as almost to enforce conviction, and 
made me set about devising various methods, by w T hich its 
truth or falsehood might be established. 

The first point to be decided was, whether the liquids 
received into the stomach do escape in any considerable 
quantity, when prevented from passing out at the pylorus. 

This was ascertained by the following experiment, made 
October 31, 1807, with the assistance of Mr. Bkodie, Mr. 
W. Brande, and Mr. Clift. 

The pylorus of a small dog was secured by a ligature, and 
a few minutes afterwards five ounces by measure, of an in¬ 
fusion of indigo in water, of the temperature of the atmos¬ 
phere, were injected by the mouth into the stomach. At the 
end of half an hour the dog became sick, and brought up by 
vomiting 2 ounces of a nearly colourless fluid. The dog was 
immediately killed, and the different parts were examined. 
The pylorus was found completely secured by the ligature, 
so that nothing could pass in that direction The pyloric por¬ 
tion of the stomach was found empty and contracted; the 
cardiac portion contained about two ounces of solid contents, 
enveloped in a gelatinous substance, and one ounce of water 
with little or no colour, the indigo being completely separated 
from it, and spread over the surface of the internal mem- 
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brane. Of the five ounces of water thrown into the stomach, 
two were brought up by vomiting, and one only remained; 
two ounces had therefore escaped in the course of half an 
hour. As the stomach contained two ounces of solid food at 
the time the experiment was made, it is reasonable to suppose 
that there was also some liquid in it, and in this case the whole 
quantity that escaped must have exceeded two ounces. On 
examining the external covering of the stomach, and along 
the course of the vasa brevia, where the absorbents usually 
pass, none were discovered, so that these vessels were not at 
that time carrying any liquid. 

The spleen was turgid, unusually large, and its external 
surface very irregular; when cut into, small cells were every 
where met with containing a watery fluid, and occupying a 
considerable portion of its substance. This appearance, which 
I had never seen before, made me enquire, if it had been taken 
notice of by others, and endeavour to ascertain the circum¬ 
stances under which it is produced. The following statement 
contains the information which I have received on this 
subject. 

Malpighi appears to be the first anatomist, who had any 
particular knowledge of the structure of the spleen. He de¬ 
scribes its capsule, and a network which pervades every part 
of the substance. He mentions a number of small glands, which 
are hollow, and surrounded by arterial zones, but he had never 
been able to trace any venal branches into them. He believed 
that there was a cellular structure in the spleen containing red 
blood, interposed between the arteries and veins; this led 
him to adopt a theory that the network was muscular, and by 
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its action propelled the blood, so that there was a systole and 
diastole in the spleen, as in the heart. 

Stukely, in his Gulstonian lecture, has very closely copied 
Malpighi, without giving any additional information. 

Cuvier, the latest writer on this subject, in his Lemons d’ Ana - 
tomie comparee , corrects the error of Malpighi respecting the 
nature of the network, which he states to be composed of 
elastic ligament, and says that there are small corpuscles, 
whose use is unknown, and which disappear when the blood 
vessels are minutely injected. 

In the course of the present investigation, I have examined 
the spleen after death, under the ordinary circumstances, and 
have found the appearances described by Cuvier. I have also 
examined it frequently immediately after the stomach had 
received unusual quantities of liquids, and in that state have 
found invariably, that the corpuscles of Cuvier, which were 
the glands of Malpighi, are distinct cells, containing a fluid, 
which escapes when the cells are punctured, and renders their 
membranous coat visible, so that it would appear that the 
distension of these cells is connected with the state of the sto¬ 
mach, and therefore only takes place occasionally; and that 
the elastic capsule by which the spleen is surrounded adapts 
the organ to these changes in its volume. 

On examining further into the structure of the spleen, in 
which I have been materially assisted by Mr. Brodie, the 
following facts have been ascertained. 

In the spleen of the bullock, horse, and hog, the cells, when 
the arteries and veins are injected with coloured size, are seen 
to have numerous arterial branches ramifying in their coats. 
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but no venal ones, which confirms the statement of Malpighi ; 
and when the cells are empty and contracted, and the blood¬ 
vessels filled to a great degree of minuteness, the appearance 
of cells is entirely lost, as stated by Cuviek. 

When the cells were in a distended state, their cavities in 
a great many instances were very distinct, having been laid 
open in making a section of the spleen. The intermediate 
parts of the spleen are but sparingly supplied with arterial 
branches, and the smaller ones do not appear to have any 
particular distribution. 

When the veins only are injected their branches appear more 
numerous, and larger than those of the arteries, making the 
whole substance of the spleen of a red colour. They appear 
to arise from the outside of the cells going off at right angles 
to their circumference, like radii. Where the injection basnet 
been very minute, they are seen to arise at so many points of 
the capsule ; but where the injection has got into smaller 
branches, their number is so much increased that they appear 
to form plexuses round the cells. 

The trunk of the splenic vein, compared with that of the 
artery, when both are filled with wax, is found to be in the pro¬ 
portion of five to one in its size. This was ascertained both by 
an accurate measurement of their diameters, and by weighing 
half an inch in length of each in a very nice balance ; the dis¬ 
proportion between them is greater, than between corre¬ 
sponding veins and arteries, in other parts of the body. 

Having acquired this knowledge of the internal structure 
of the spleen, I made the following experiment with a decoc¬ 
tion of madder. This substance was employed, from the 
animals who feed on it having their bones tinged red, so that 
there can be no doubt of its colouring matter being carried 
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into theVirculatbn of the blood. I was much disappointed on 
seeing the colour of the decoction, which, instead of being a 
bright red (the tinge communicated to the bones), was of a 
dirty brown. The same gentlemen assisted me, as in the 
former experiment. 

Nov. 8,1807, seven ounces of a strong decoction of madder 
were injected into the stomach of a dog, immediately after the 
pylorus had been secured. At this time the dog voided some 
urine, which was limpid and colourless. In 42 minutes, 2 
ounces of a yellowish fluid were brought up by vomiting. In 
18 minutes more the dog vomited again ; what came up 
proved to consist of g~ ounces of solid matter, and 3 ounces 
of liquid. In 15 minutes afterwards, 5 ounces of the decoction 
were injected, which remained quietly on the stomach for two 
hours and a quarter, at the end of which period the dog 
was killed. In the act of dying he made water, in the 
quantity of two ounces, of a dark muddy colour. This was 
saved, and afterwards compared with the remaining liquid in 
the stomach, which it exactly resembled. On examining the 
connections between the stomach and spleen, none of the ab¬ 
sorbent vessels were apparent, more than in the former ex¬ 
periment The pyloric portion of the stomach contained about 
tw r o ounces of half digested food, but no liquid. The cardiac 
portion contained four ounces of liquid, and half an ounce of 
solid food, so that the act of vomiting, which appeared, at the 
time, a sufficient exertion to have completely emptied the sto¬ 
mach, had brought up no part of the contents of the pyloric 
portion, and had not even completely emptied the cardiac 
portion. In this experiment, without making allowance for any 
liquid in the stomach, prior to the decoction of madder being 
injected, one-fourth part of the quantity thrown in had escaped. 
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The cells of the spleen were more distinctly seen than hi the 
former experiment, particularly at the great end; 

Although there was every reason to believe that the colouring 
matter of the madder had been conveyed into the urinary 
bladder, yet so muddy and indistinct was the colour, that it 
was by no means completely ascertained. I therefore resolved 
in my future experiments, to make use of some colouring 
substance, the presence of which could be detected in a very 
diluted state, by means of a chemical test; and I requested 
Mr. W. Brande, of whose assistance I have before availed 
myself, to point out the substances best fitted for this purpose. 
He immediately suggested that rhubarb was a substance which 
he had made use of as a test to ascertain the presence of alkali, 
and therefore had no doubt that the caustic alkali would prove 
a test of rhubarb. This substance has also another advantage ; 
it is well known to pass very readily by the kidneys, without 
being decomposed. 

The following are the results of experiments made with 
rhubarb, to ascertain the best modes of detecting it in the urine 
and blood, and the time it takes to pass from the stomach to 
the urinary bladder. 

Five drops of tincture of rhubarb added to 3 ounces of 
water, are found to strike an orange tint when the test is 
added, which does not take place when the rhubarb is more 
diluted. 

Six drops of tincture of rhubarb, added to three ounces of 
serum, are readily detected by the eye, but the colour is not 
heightened by applying the test; the alkali contained in the 
serum, being sufficient to strike as bright a tint, as that quan¬ 
tity of rhubarb can receive from the addition of alkali. 

H 2 
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When tincture of rhubarb is mixed ’with blood just taken 
from the arm, its colouring matter is afterwards found both in 
the serum and in the coagulum. 

When blood is drawn from the arm of a person, who has 
taken rhubarb in sufficient quantity to affect the urine, the se¬ 
rum is found to have a slight tinge from it, equal to that, which 
one drop of tincture of rhubarb gives to half an ounce of serum 
when added to it. 

Half an ounce of tincture of rhubarb, diluted in i-~ ounce 
of water, taken in the interval between meals, did not pass off 
by urine in less than an hour, and even then was not in suffi¬ 
cient quantity to be discovered, till the test was applied. 

The same quantity was taken immediately before a break¬ 
fast consisting of tea. In 17 minutes, half an ounce of urine 
was voided, which when tested had a light tinge. In 30 
minutes another half ounce was made, in which the tinge 
was stronger ; and in 41 minutes a third half ounce was made, 
in which it was very deep. In an hour and ten minutes 7 
ounces were voided, in which the tinge of rhubarb was very 
weak, and in two hours twelve ounces were voided, in which 
it was hardly perceptible. 

In 6 ~ hours the rhubarb acted on the bowels, and gave a 
decided tinge to the faeces ; the urine made at the same time 
had a much stronger tinge, than what was voided at one hour 
and ten minutes. 

In this experiment, the rhubarb appeared to have escaped 
from the cardiac portion of the stomach ; and in two hours 
ceased to pas^ through that channel; but vras afterwards 
carried into the system from the intestines, and again appeared 
in the urine. 
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This experiment was repeated on another person; the rhu¬ 
barb was detected in the urine in 20 minutes. In 2 hours the 
tinge became very faint; in 5 hours it was scarcely perceptible; 
in seven hours the rhubarb acted on the bowels; and the urine 
made after that period, became again as highly tinged as at 
first. 

It was suggested by a chemical friend, that the prussiate of 
potash might be a better substance than rhubarb, for the pre¬ 
sent experiments, since the solution of one quarter of a grain 
in two ounces of water, becomes of a blue colour on the ad¬ 
dition of the acidulous muriate of iron. 

To determine this point, one quarter of a grain was dissolved 
in two ounces of serum, but no blue colour was produced by 
the addition of the test, nor did this effect take place till the 
quantity of the prussiate was encreased to a grain; so that 
minute quantities of the prussiate of potash, or at least of the 
prussic acid, may exist in the blood, without being detected by 
adding solution of iron. 

The effects of rhubarb on the urine, and the different parts 
of the blood having been thus ascertained, a third experiment 
was made, in which that substance was employed, and I had 
the assistance of the same gentlemen as in the others. 

On November 17, 1807, at 35 minutes past 11 o’clock, five 
drams of a mixture of tincture of rhubarb and water, in the 
proportion of a dram to an ounce, were injected into the sto¬ 
mach of a dog, whose pylorus was secured. At 20 minutes 
cast 1, two ounces of fluid were brought up by vomiting : ten 
minutes afterwards, another ounce of the mixture was injected, 
as were nine drams more at ~ past 4 o’clock. The two last 
portions were retained, and at 8 o’clock in the evening the dog 
was killed. 
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On examining the parts after death, the pylorus was found 
to be completely secured ; the stomach contained about two 
ounces of fluid ; none of the absorbent vessels passing from its 
great curvature were in a distended state so as to be rendered 
visible. The spleen was turgid as in the former experiment, 
and the urinary bladder full of urine. 

This urine tested by the alkali, received a deeper tinge of 
rhubarb than the human urine, after rhubarb had been taken 
three hours by the mouth, and in other respects resembled it. 

When the spleen was cut into, the cells were particularly 
large and distinct. A portion of it was then macerated in two 
drams of water for ten minutes in a glass vial. All the parts 
were exposed to the water, by its being divided in all direc¬ 
tions. The water thus im pregnated was strained off and tested 
by the alkali, and immediately the reddish brown colour was 
produced in the centre, and no where else, but in less than a 
minute it began to diffuse itself, and extended over the whole. 

A similar portion of the liver was treated in the same way, 
and the alkali was added to the strained liquor, but no change 
took place in it whatever. 

In this experiment the rhubarb was detected in the juices 
of the spleen as well as in the urine; and as there was no 
appearance of it in the liver, it could not have arrived there 
through the medium of the common absorbents carrying it 
into the thoracic duct, and afterwards into the circulation of 
the blood. 

The discovery of this fact I consider to be of sufficient im¬ 
portance to be announced to the Society, that when it is thus 
made public, I may be at liberty more openly, mid on a more 
extensive scale of experiments, to prosecute the enquiry. 
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III. On the Composition of the Compound Sulphurei from Huel 
Boys , and an Account of its Crystals . By James Smithson, 
Esq. F.R.S. 


Read January 28, 1808. 

It is but very lately that I have seen the Philosophical Trans¬ 
actions for 1804, and become acquainted with the two papers 
on the compound sulphuret of lead, antimony, and copper 
contained in the first part of it, which circumstance has 
prevented my offering sooner a few observations on Mr. 
Hatchett's experiments, which I deem essential towards this 
substance being rightly considered, and indeed the principles 
of which extend to other chemical compounds; and also giv¬ 
ing an account of the form of this compound sulphuret, as 
that which has been laid before the Society is very materially 
inaccurate and imperfect. 

We have no real knowledge of the nature of a compound 
substance till we are acquainted with its proximate elements, 
or those matters by whose direct or immediate union it is pro¬ 
duced ; for these only are its true elements. Thus, though 
we know that vegetable acids consist of oxygene, hydrogene, 
and carbon, we are not really acquainted with their compo¬ 
sition, because these are not their proximate, that is, are not 
their elements, but are the elements of their elements, or the 
elements of these. It is evident what would be our acquaint¬ 
ance with sulphate of iron; for example, did we only know 
that a crystal of it consisted of iron, sulphur, oxygene, and 
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hydrogene ; or of carbonate of lime, if only that it was a com¬ 
pound of lime, carbon or diamond, and oxygene. In fact, 
totally dissimilar substances may have the same ultimate ele¬ 
ments, and even probably in precisely the same proportions; 
nitrate of ammonia, and hydrate of ammonia, or crystals of 
caustic volatile alkali,* both ultimately consist of oxygene, 
hydrogene, and azote. 

It is not probable that the present ore is a direct quadruple 
combination of the three metals and sulphur, that these, in 
their simple states, are its immediate component parts; it is 
much more credible that it is a combination of the three sul- 
phurets of these metals. 

On this presumption I have made experiments to determine 
the respective proportions of these sulphurets in it. 

I have found 10 grains of galena, or sulphuret of lead, to 
produce 12.5 grains of sulphate of lead. Hence the 60.1 
grains of sulphate lead, which Mr. Hatchett obtained, cor¬ 
respond to 48.08 grains of sulphuret of lead. 

I have found 10 grains of sulphuret of antimony to afford 
11,0 grains of precipitate from muriatic acid by water. Hence 
31.5 grains of this precipitate are equal to 28.64 grains of sul¬ 
phuret of antimony. 

The want of sulphuret of copper has prevented my deter¬ 
mining the relation between it and black oxide of copper, but 
this omission is, it is evident, immaterial, as the quantity of this 
sulphuret in the ore must be the complement of the sum of 
the two others. 

But as the iron is a foreign adventitious substance in this 
ore, it follows that the foregoing quantities are the products 

* Four c roy, Syst. des Con. Cbem. t . I. p. 88. 
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of only 96.65 grains of it. 100 parts of the ore are therefore 
composed of 


Sulphuret of lead 

49-7 

Sulphuret of antimony 

29.6 

Sulphuret of copper 

20.7 


100.0 


It is impossible not to be struck with the trifling alteration 
which these quantities require to reduce them to very simple 
proportions, or to think it a very great violation of probability 
to suppose that experiments, effected with no errors, would 
have given them thus : 

Sulphuret of lead - 50. 

Sulphuret of antimony - 30. 

Sulphuret of copper - 20. 

However, I doubt the existence of triple, quadruple, &c. com¬ 
pounds ; I believe, that all combination is binary; that no sub¬ 
stance whatever has more than two proximate or true ele¬ 
ments ; and hence I should be inclined to consider the present 
compound as a combination of galena and fahlertz ; and if so j 
it will be accurately represented, as far as chemical analysis 
has yet been able to go, by the following figure : 


Compound sulphuret | 

of lead, antimony, — 
and copper - j 


f galena =: 


f t sulphur 
l £ lead 


| fahlertz : 


-f- sulphuret of _ / £ sulphur. 

antimony \ antimony. 
f sulphuret of __ f £ sulphur, 
copper ~ 1 t copper. 


Its ultimate elements are therefore, 


Sulphur - 20 . , . = -U 

Lead - 4 j t • • • = U 


Mpcccvrn. 


I 
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Antimony - 25 • * * == ii 

Copper - 

and it is not a little remarkable, that here, as was the case 
with the calamine,* they are sexagesimal fractions of it. 

When in a former paper I offered a system on the propor¬ 
tions of the elements of compounds, I supported it by the 
results of my own experiments, which might be supposed 
influenced, even unconsciously to myself, by a favourite hypo¬ 
thesis, and I made the application of it principally to a substance 
whose nature was not very clear. But the present case is not 
liable to these objections : here no fondness to the theory can 
be suspected of having led astray, nor did even the experi¬ 
ments as they came from their author’s hands, bear an ap¬ 
pearance in the least favourable to it, and yet when properly 
considered, they are found to accord no less remarkably with 
its principles. 

It is evident that there must be a precise quantity in which 
the elements of compounds are united together in them, other¬ 
wise a matter, which was not a simple one, would be liable, 
in its several masses, to vary from itself, according as one or 
other of its ingredients chanced to predominate ; but chemical 
experiments are unavoidably attended with too many sources 
of fallacy for this precise quantity to be discovered by them ; 
it is therefore to theory that we must owe the knowledge of 
it. For this purpose an hypothesis must be made, and its 
justness tried by a strict comparison with facts. If they are 
found at variance, the assumed hypothesis must be relin¬ 
quished with candour as erroneous, but should it, on the con¬ 
trary prove, on a multitude of trials, invariably to accord with 

* Trans. 1803, p. 12. 
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the results of observation* as nearly as our means of deter¬ 
mination authorise us to expect, we are warranted in believing 
that the principle of nature is obtained, as we then have all 
the proofs of its being so, which men can have of the justness 
of their theories : a constant and perfect agreement with the 
phenomena, as far as can be discovered. 

The great criterion in the present case is, whether on the 
conversion of a substance into its several compounds, and of 
these into one another, the simple ratios always obtain which 
the principles of the theory require. Amongst the multitude 
of instances which I could adduce, in support of such being 
the fact, I will, for the sake of brevity, coniine myself to a 
few in the substances which have come under consideration 
above, as they will likewise give the grounds on which some 
of the proportions in the table have been assigned, and every 
chemist, by a careful repetition of the experiments, may easily 
determine for himself to what attention the present theory is 
entitled. 

Lead - - = j- of sulphate of lead 

= -f- of sulphuret of lead 
Sulphuret of lead = £ of lead 

= of sulphate of lead 
Sulphate of lead = — of lead 

= \ of sulphuret of lead 
Antimony - = \ of powder of algoroth 

= f of sulphuret of antimony 

Sulphuret of anti¬ 
mony - = of powder of algoroth. 

In the experiments by which these relations were ascer¬ 
tained, the portion of powder of algoroth and sulphate of lead 

I 2 
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dissolved in the precipitating and washing waters, was scru¬ 
pulously collected. 

The importance of a knowledge of the true quantity in 
which matters combine, is too evident to require to be dwelt 
upon; but this importance will be greatly augmented, if it 
should prove that this quantity is, as has been suggested, ex¬ 
pressive of the forces with which they attract each other. It 
is perhaps in the form of matters that we shall find the cause 
of the proportions in which they unite, and a proof, a priori, of 
the system here maintained. 


I have examined some of the grey ores of copper in tetrae- 
dral crystals; but the notes of my experiments are in Eng¬ 
land. I can, however, say, that they do contain antimony, and 
that they do not contain iron in any material quantity. With 
respect to the proportions of the constituent parts, I cannot 
now speak with any certainty; but, I think, that at least some 
species of fahlertz contain a smaller portion of sulphuret of 
antimony, than the fahlertz does which exists as an element 
in the foregoing compound one. 

Of the Form of this Substance. 

Of the seventeen figures which have been given, as of the 
crystals of this compound sulphuret, in Part II. of the volume 
of the Transactions for 1804, great part are acknowledged to 
have no existence, nor are indeed any of them consistent with 
nature. 

This substance seems to have yet offered but one form, and 
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which is represented in the annexed Plate under its two prin¬ 
cipal appearances ; that is, having the primitive faces, the pre¬ 
dominant ones of the prism ; and having the secondary ones 
such, and which will be fully sufficient to make it known. In 
the first infancy of the study of crystals, it might be necessary 
to attend to every, the most trifling, variation of them, to 
trace each of their changes, step by step, to, as it were, spell 
the subject; but in the state to which the science has now 
attained, to continue to do so would be not only superfluous, 
but most truly puerile. 

I have a very small, but very regular, crystal of the form 
of Fig. t. 

By mensuration the faces a and m appear to form together 
an angle of about 135 0 , and the faces c and b an angle of about 

125°. 

It is said in the account above quoted, that the primitive 
form of this matter is a rectangular tetraedral prism, but no 
proofs of this have been offered ; nor have the dimensions of 
this prism been given, a circumstance of the first moment to 
the determination of true or primitive form, nor have any 
quantities been assigned to the decrements supposed. I will, 
therefore, supply these very important omissions. 

That the atom of this substance is a rectangular tetraedral 
prism, is inferable, not from the striae on the crystals, for 
striae are by no means invariably indicative of a decrement in 
the direction of them ; but from the angles which the faces a 
and c make with the faces m and b , and these angles also 
prove, that the height of this prism is equal to the side of its 
base, that is, that it is a cube. 

Hence the face a is produced by a decrease of one row of 
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atoms along the edge of the cube, and the angle it forms with 
the face m is really of 135 0 . 

The face c is produced by a decrease of two rows of atoms 
at the corners of the cube, and the angle it forms with the 
face b is = 125 0 to 52". 

The face b being produced like the face a, forms the same 
angle with the face m . 

No crystal I possess, has enabled me to measure the incli¬ 
nations of the faces g, d, or f; should the face g, as is presum¬ 
able, result from a decrease of one row of atoms at the corners 
of the cube, it will form with the face b, an angle of 144* 44' 
8", and if the faces d and/ are, as is also probable, produced 
by a decrease of two rows of atoms along the edges of the 
cube, the first will form an angle of n 6 ° 33 ' 54 "> and the 
latter one of 153 0 26' 6", with the face m. 

The angles assigned here differ considerably from those 
given in the former account of these crystals ; but the angles 
there given have not only appeared to me to be contradicted 
by observation, but, crystallographically considered, are in¬ 
consistent with each other, as the tetraedral prism of dimen¬ 
sions to produce an angle of 135° by a decrement along its 
edge, would not afford angles of 140 and 120 by decrements 
at its corners. 

The sum of the faces of these crystals is 50. 
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IV. On Oxalic Acid. By Thomas Thomson, M. D. F. R. S. Ed. 
Communicated by Charles Hatchett, Esq. F. R. S. 


Read January 14th, 1808. 


Oxalic acid, from the united testimony of Ehrhart, Hermb- 
stadt, and Westrumb, appears to have been discovered by 
Sciieele ; but it is to Bergman that we are indebted for the 
first account of its properties. He published his dissertation on 
it in 177b, and since that time very little has been added to 
the facts contained in his valuable treatise. Chemists have 
chiefly directed their attention to the formation of that acid, 
and much curious and important information has resulted 
from the experiments of Hermbstadt, Westrumb, Berthol- 
let, Fourcroy, and Vau^uelin, &c. but the properties of the 
acid itself, have been rather neglected. My object in the fol¬ 
lowing pages is not to give a complete history of the proper¬ 
ties of oxalic acid, but merely to state the result of a set of 
experiments, undertaken with the view of ascertaining dif¬ 
ferent particulars respecting it, which I conceived to be of 
importance. 


I. Water of Crystallization. 

Oxalic acid is usually obtained in transparent prismatic 
crystals more or less regular; these crystals contain a por¬ 
tion of water, for when moderately heated they effloresce 
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and lose a part of their weight, which they afterwards recover 
when left exposed in a moist place. When cautiously heated 
on a sand bath they fall to powder, and lose about a third of 
their weight. But as the acid is itself volatile, it is not probable 
that the whole of this loss is water. To ascertain the quantity 
of water contained in these crystals I had recourse to the fol¬ 
lowing method. 

1. Seventy grains of crystallized oxalic acid were dissolved 
in 600 grains of water, constituting a solution which weighed 
670 grains. 

Fifty grains of pure carbonate of lime, in the state of cal¬ 
careous spar, were dissolved in muriatic acid; this solution 
was evaporated to dryness to get rid of the excess of acid, and 
the residue redissolved in water. 

Into this muriate of lime the solution of oxalic acid was 
dropt by little and little as long as any precipitate fell, and the 
oxalate of lime thus formed was separated by the filter. Pure 
oxalic acid is not capable of precipitating the whole lime from 
solution of muriate of lime, the muriatic acid evolved being 
always sufficient to retain the last portions in solution. 

It was necessary to get rid of this excess of acid; the method 
which appeared the least exceptionable was to saturate the 
muriatic acid with ammonia ; accordingly when the oxalic acid 
ceased to occasion any farther precipitate, I cautiously added 
pure ammonia, till the liquid ceased to produce any effect 
upon vegetable blues. A copious additional precipitate of ox¬ 
alate of lime was thus obtained. Oxalic acid was now added 
again as long as it rendered the liquid muddy. By thus alter¬ 
nately having recourse to the acid solution, and to ammonia, 
and by adding both with great caution to avoid any excess, I 
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succeeded in separating the whole of the lime without using 
any sensible excess of oxalic acid. 

558 grains of the acid solution were employed, a quan¬ 
tity which is equivalent to 58.3 grains of the crystallized 
add. 

2. The oxalate of lime, after being well washed and drained, 
and exposed for a week to the open air, at a temperature of 
about 6 o°, weighed *j 6 grains ; but upon being left on the sand 
bath for some hours in a temperature between 200° and 300°, 
its weight was reduced to 72 grains. 

3. These 72 grains of dry oxalate of lime were put into an 
open platinum crucible, and gradually heated to redness. By 
these means they were reduced to 49.5 grains, which proved 
to be carbonate of lime. The crucible was now exposed to 
a violent heat in a forge. Nothing remained but a quantity of 
pure lime weighing 27 grains. 

4. From this experiment we learn, that 72 grains of dry 
oxalate of lime contain 27 grains of lime. Of consequence, 
the oxalic acid in this compound must be 45 grains. But the 
weight of crystallized oxalic acid actually used was 58.3 grains, 
a quantity which exceeds the whole acid in the oxalate by 
13.3 grains. These 13.3 grains are the amount of the water of 
crystallization, which either did not unite with the salt, or was 
driven off by the subsequent exposure to heat. Hence crystal¬ 
lized oxalic acid is composed of 

Real acid - - 45. 

Water - - 13.3 

58.3 

MDCCCVIII. K 
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Now this is equivalent to 

Real acid - - 77 

Water 23 

100 

So that the crystals of oxalic acid contain very nearly the fourth 
part of their weight of water.* 

II. Alkaline and Earthy Oxalates . 

1. The preceding experiment gives us likewise the com¬ 
position of oxalate of lime. This salt, when merely dried in 
the open air, still retains a portion of water which may be 
driven off by artificial heat. It is necessary to know that it 
parts with this water with considerable difficulty, so that a 
long exposure on the sand or steam bath, is necessary to get 
it thoroughly dry. It afterwards imbibes a little w r ater if it be 
left in a moist place. Well dried oxalate we have seen is a 
compound of 

Acid 45 or per cent, 62.5 acid. 

Base 27 - - 37.5 base. 

72 100 

* Vauqjjelin in a late dissertation on cinchona, marked with that profound skill 
which characterizes all the productions of this illustrious chemist, has mentioned 
incidentally, that the crystals of oxalic acid contain about half their weight of water. 
He dissolved ioo parts of cxnchonate of lime in water, and precipitated by means of 
oxalic acid ; 22 parts of crystallized oxalic acid were necessary; and the oxalate of 
lime formed weighed 27 grains. From this experiment he draws the conclusion which 
I have stated, (See Ann de Chem. lix. 164.) But this ingenious chemist does not seem 
to have been aware of the real composition of oxalate of lime. 27 grains of that salt 
are composed very nearly of 10 grains of lime and 17 grains of acid. But the weight of 
the crystals used by Va u qu e l 1 n was 22 ; the difference, 5, is obviously the water of 
crystallization in 22 grains of the crystals. But if 22 grains contain 5 of water, it is 
obvious, that 100 contain very nearly 23. So that his experiment in reality coincides 
with mine. 
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Though the oxalate of lime dried spontaneously can scarcely 
be considered as always in the same state, yet as the differ¬ 
ence in the portion of water which it retains is not great, pro¬ 
vided it be dried slowly in the temperature of 6o°, and in a 
dry place, it may be worth while to state its composition. It 
is as follows: 

Acid 45 or per cent 59.2 acid. 

Base 27 35.5 base. 

Water 4 5.3 water. 

76 100.0 

When rapidly dried, as by pressing it between the folds of 
filtering paper, it is apt to concrete into hard lumps, which 
retain more moisture. In this state I have sometimes seen it 
retain 1 o per cent, of water after it appeared dry. 

Bergmann states the composition of oxalate of lime as 
follows: 


Acid 

48 

Lime 

- 46 

Water 

- - 6 


100* 


His method was to dissolve a determinate quantity of cal¬ 
careous spar in nitric acid, and then to precipitate the lime by 
oxalic acid. 100 parts of calcareous spar thus dissolved, re¬ 
quire, according to him, 82 parts of crystallized acid to pre¬ 
cipitate them. But there must have been some mistake in this 
experiment; for, according to my trials ( provided the nitric 
acid be carefully neutralized by ammonia as it is evolved), no 

* Opusc. I. 262. 
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less than 117 grains of oxalic acid would have been required, 
and at least 145 grains of oxalate of lime would have been ob¬ 
tained instead of the 119, which was the result of Rergmann's 
experiment. It is obvious that Bergmann did not precipitate 
all the lime. He added oxalic acid till it ceased to produce 
any effect on the solution from the great excess of nitric acid 
evolved ; and then took it for granted that all the lime was 
separated. But had he added ammonia, he would have got an 
additional quantity of oxalate of lime, and the precipitation 
would have recommenced upon adding more oxalic acid. This 
explanation accounts in a satisfactory manner for the differ¬ 
ence between Bergmann's statement of the composition of 
oxalate of lime, and mine. 

2, Though the preceding experiment was made with care, 
yet as some of the most important of the following observa¬ 
tions in some measure rest upon the analysis of oxalate of 
lime, I thought it worth while to verify that analysis in the 
following manner. 

100 grains of crystallized oxalic acid were dissolved in 1000 
grains of water, making a solution which weighed 1100 grains. 

It is obvious that every 100 grains of the above solution 
contained 9.09 grains of crystal of oxalic acid, equivalent, 
according to the preceeding analysis, to 7 grains of real 
acid. 

100 grains of this solution were gradually mixed with lime 
water till the liquid ceased to produce any change on vegeta¬ 
ble blues. The oxalate of lime thus formed being well dried, 
weighed 11.2 grains. Exposed to a violent heat in a platinum 
crucible, this salt left 4.2 grains of pure lime. Hence it was 
composed of 
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7 acid, or per cent. 62.5 acid 
4.2 lime 37.5 base 

11.2 100.0 

Thus we have obtained exactly the same result as in the 
former experiment, both as far as relates to the composition 
of oxalate of lime, and likewise to the proportion of water of 
crystallization in crystallized oxalic acid. 

The lime water necessary to saturate the acid amounted to 
3186 grains. Hence, it contained only —-g-th of its weight of 
lime. 

3. The oxalates of barytes and strontian are white, tasteless 
powders, which may be obtained by mixing oxalate of 
ammonia with the muriates of these alkaline earths. It is said 
that these earths are capable of forming soluble superoxalates 
with this acid; but I have not tried the experiment. These 
oxalates, as well as oxalate of lime, are partially soluble in the 
strong acids. 

4. Oxalate of magnesia is a soft white pow 7 der, bearing a 
considerable resemblance to oxalate of lime. It is tasteless, and 
not sensibly soluble in water ; yet when oxalate of ammonia 
is mixed with sulphate of magnesia, no precipitate falls; but 
if the solution be heated and concentrated sufficiently, or if it 
be evaporated to dryness, and redissolved in water, in both 
cases the oxalate of magnesia separates in the state of an in¬ 
soluble powder. 

5. Oxalate of potash readily crystallizes in flat rhomboids, 
commonly terminated by dihedral summits. The lateral edges 
of the prism are usually bevelled. The taste of this salt is cooling 
and bitter. At the temperature of 6 o° it dissolves in thrice its 
weight of water. When dried on the sand bath, and afterwards 
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exposed in a damp place, it absorbs a little moisture from the 
atmosphere. 

This salt combines with an excess of acid, and forms a 
superoxalate, long known by the name of salt of sorrel. It is 
very sparingly soluble in water, though more so than tartar. 
It occurs in commerce in beautiful 4-sided prisms attached to 
each other. The acid contained in this salt is very nearly 
double of what is contained in oxalate of potash. Suppose 
3 00 parts of potash ; if the weight of acid necessary to con¬ 
vert this quantity into oxalate be x then 2 x , will convert 
it into superoxalate. 

6 . Oxalate of soda readily crystallizes. Its taste is nearly 
the same as that of oxalate of potash. When heated, it falls to 
powder, and loses the whole of its water of crystallization. 
Soda is said to be capable of combining with an excess of acid, 
and of forming a superoxalate. I have not tried the experi¬ 
ment. 

7. Oxalate of ammonia is the most important of all the 
oxalates, being very much employed by chemists to detect the 
presence of lime, and to separate it from solutions. It crystal¬ 
lizes in long transparent prisms, rhomboidal, and terminated, 
by dihedral summits. The lateral edges are often truncated, 
so as to make the prism 6 or 8-sided. Sometimes the original 
faces of the prism are nearly effaced. 

The taste of this salt is bitter and unpleasant, somewhat 
like that of sal ammoniac. At the temperature of 6o°, 1000 
grains of water dissolve only 45 grains of this salt. Hence, 
1000 grains of saturated solution of oxalate of ammonia con¬ 
tain only 43.2 grains of this salt. The specific gravity of this 
solution is 1,0186. As it may be useful to know the weight 
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of this salt contained in solutions of different specific gravities, 
I have thought it worth while to construct the following 
table : 


Weight of oxalate 
of ammonia in too 
paits of the solu¬ 
tion. 

Specific gra¬ 
vity of the so¬ 
lution at 6o°. 

Weight of oxalate 
of ammonia in xoo 
parts of the solu¬ 
tion. 

Specific gra¬ 
vity of the so¬ 
lution at 6o°. 

4 * 3 2 

1.0186 

i *5 

1*0075 

4 - 

1*0179 

1. 

I.OO54 

3-5 

1.0l6*0 

o -5 

I.OO30 

3 * 

I.OI42 

0.4 

1.0024 

2.5 

1.0120 

o*3 

1.0018 

2. 

O.OO95 

0.2 

1.0012 



0.1 

1.0006 


8. To determine the composition of these salts, I took seven 
different portions of a diluted oxalic acid solution, each weigh¬ 
ing 100 grains, and containing 7 grains of real oxalic acid. 
To each of these portions I added respectively potash, soda, 
ammonia, barytes water, strontian water, and lime water, till 
it ceased to produce any change. The liquid was then evapo¬ 
rated to dryness, and the residue, after being well dried on the^ 
steam bath, was weighed. Each of these salts contained 7 
grains of acid ; the additional weight I ascribed to the base. 
Hence I had the following table, which exhibits the weight of 
each salt obtained, and its composition deduced from that 
weight. 
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xalate of Ammonia 


Magnesia 


- Soda 


- Lime 


Strontian 


Composition. 


obtained. Acid 


94 


9 5 7 


n.o 7 4.0 


11.2 7 4.2 


15.6 7 


The composition of these salts reduced to 100 parts, is given 
in the following table. 



Oxalate of 
Ammo- 

Ox. of 
Mag¬ 
nesia. 

Ox. of 
Soda. 

Ox. of 
Lime. 

Ox. of 
Potash. 

Ox. of 
Stron- 

Ox. of 
Barytes. 








SHI 

Acid 

74-45 

73.68 

; 6 S - 6 3 

62.50 

44.87 

39-77 

41.16 

Base 

2553 

26.32 

3 6 -S 7 

37-50 

55-13 

60.23 

58.84 


Total 100. hoo. 100. 100 100 


• The oxalate of magnesia was obtained by neutralizing the oxalic acid solution 
with ammonia, then mixing it with sulphate of magnesia, evaporating the solution to 
dryness, and washing the insoluble oxalate of magnesia with a sufficient quantity of 


water. 
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But for practical purposes, it is more convenient to consider 
the acid as a constant quantity. The following table is con¬ 
structed upon that plan. 



Acid. 

Base. 

Weight of 
Salt. 

Oxalate of Ammonia 

IOO 

34-12 

134-12 

-Magnesia 

IOO 

3571 

13571 

-Soda 

IOO 

57.14 ( i57.14 

-Lime - 

IOO 

60.00 160.00 

- Potash 

IOO 

122.86 

222.86 

- Strontian 

IOO 

15151 25151 

-*- Barytes 

IOO 

142,86 242.86 


9. In the preceding statement, no account has been taken 
of the water of crystallization which might still remain at¬ 
tached to the salts, notwithstanding the heat to which they 
were exposed. There is reason to believe, however, that in 
most of them this water must be so small, that it may be over¬ 
looked without any great error. Oxalates of soda and of 
ammonia, I have reason to believe, lose all their water of 
crystallization at a moderate heat. This is the case also with 
oxalates of lime and barytes, and I presume that the oxalates 
of strontian and magnesia are not exceptions ; but oxalate of 
potash retains its water much more obstinately. I believe 
that in that salt the weight of acid and of base are nearly 
equal, and that when dried in the temperature of 212 0 , it still 
retains nearly 10 per cent, of water ; but I have not been able 
to establish this opinion by direct experiment. 

The composition of oxalate of strontian in the preceding 
table, was so different from what I expected, that I repeated 

MDCCCVJII. L 
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the experiment; but the result was the same. This induced 
me to combine strontian and oxalic acid in the following 
manner: 100 grains of a solution containing 7 grains of real 
oxalic acid were neutralized by ammonia, and the oxalic acid 
precipitated by means of muriate of strontian. The salt ob¬ 
tained weighed 12.3 grains ; of course it was composed of 
Acid 7 or 56.9 or 100 
Base 5.3 43.1 75.7 

12.3 100.0 175-7 

Thus it appears that there are two oxalates of strontian, the 
first obtained by saturating oxalic add with strontian water, 
the second by mixing together oxalate of ammonia and mu¬ 
riate of strontian. It is remarkable that the first contains just 
double the proportion of base contained in the second. 

III. Decomposition of the Oxalates. 

1. When oxalic acid, in the state of crystals, is exposed to 
heat, it is only partially acted upon, a considerable portion 
escaping without alteration ; but when an alkaline or earthy 
oxalate is heated, the acid remains fixed till it undergoes com¬ 
plete decomposition. The new substances into which the acid 
is converted, as far as my experience goes, are always the 
same, what oxalate soever we employ. They are five in 
number ; namely, water, carbonic acid, carbonic oxide, carbureted 
hydrogen, and charcoal. 

2. Thd water is never quite pure. Though no sensible 
portion of oil can be perceived in it, yet it has always the 
peculiar smell of the water obtained during the distillation of 
wood ; a smell which is usually ascribed to oil. It commonly 
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shews traces of the presence of ammonia, changing vegetable 
blues to green, and smoking when brought near muriatic acid ; 
but this minute portion of ammonia is probably only accident¬ 
ally present. All the oxalates which I decomposed by distil¬ 
lation, were obtained by double decomposition from oxalate of 
ammonia ; and though they were washed with sufficient care, 
yet I think it not unlikely that a minute portion of oxalate of 
ammonia might continue to adhere. Practical chemists know 
the extreme difficulty of removing every trace of a salt with 
which another has been mixed. 

The carbonic acid remains partly combined with the base, 
which always becomes a carbonate, and partly makes its escape 
in the form of gas. 

The carbonic oxide and carbureted hydrogen make their 
escape in the form of gas : the charcoal remains in the retort 
mixed with the base, to which it communicates a grey colour: 
the quantity of it depends in some measure upon the heat. If 
the oxalate was exposed to a very violent heat, no charcoal 
at all remains. Hence it probably acts upon the carbonic acid 
united to the base, converting it into carbonic oxide, as hap¬ 
pens when a mixture of a carbonate and charcoal are heated. 

3. I was induced to examine this decomposition with con¬ 
siderable attention, because I conceived that it would furnish 
the means of estimating the composition of oxalic acid ; and I 
pitched upon oxalate of lime, as the salt best adapted for the 
purpose I had in view. A determinate quantity of this salt 
was put into a small retort, and gradually heated to redness. 
This retort was connected with a pneumatic trough by means 
of a long glass tube, having a valve at its extremity which 
allowed gas to issue out, but prevented any water from 
L 2 
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entering the tube. The experiment was repeated three 
times. 

4. A hundred grains of oxalate of lime, when thus heated, 
yield above sixty cubic inches of a gas, which is always a 
mixture of carbonic acid and inflammable air, nearly in the 
proportion of one part of the former to three and a half of the 
latter, reckoning by bulk. The specific gravity of the inflam¬ 
mable gas was 0.908, common air being 1.000; it burns with 
a blue flame, and when mixed with oxygen, may be kindled 
by the electric spark. The loudness of the report depends 
upon the proportion of oxygen. 

The smallest quantity of oxygen, with which it can be 
mixed, so as to burn by the electric spark, is i-9th ; the com¬ 
bustion is very feeble, and is attended with no perceptible 
report. If the residue be washed in lime water and mixed 
with i-9th of its bulk of oxygen, it may be kindled a second 
time: this may be repeated five times, after which the residue 
cannot be made to burn. 

The combustion becomes more violent, and the report 
•louder, as we increase the proportion of oxygen, and both 
are greatest when the oxygen is double the bulk of the gas. 
As we increase the dose of oxygen, the combustion becomes 
more and more feeble ; and five parts of oxygen and one of 
gas is the limit of combustion on this side: for a mixture of 
six parts of oxygen and one of the inflammable air will not 
burn. 

In these experiments the results differ materially from each 
other, when the proportion of oxygen used is small and when 
it is great. I am not able at present to account for this dif¬ 
ference, which holds not only with respect to this gas, but 
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every compound inflammable gas which I have examined. 
This difference makes it impossible to use both extremes of 
the series: I make choice of that in which the proportion of 
oxygen is considerable, as upon the whole more satisfactory. 
The best proportion is one part of the gas and two parts of 
oxygen. The oxygen ought not to be pure, but diluted with 
at least the third of its bulk of azote, unless the gas be much 
contaminated with common air. 

I have elsewhere detailed the method which I follow in 
analyzing gases of this nature.* The following table exhibits 
the mean of a considerable number of trials of this gas with 
oxygen. 


Measures of 
inflammable Air 
consumed. 

Measures of 
Oxygen con¬ 
sumed. 

Carbonic Acid 
formed. 

Diminution of 
Bulk. 

100 

91 

93 

98 


that is to say, too cubic inches of the gas when burnt, com¬ 
bine with 91 cubic inches of oxygen ; there are produced 93 
inches of carbonic acid; and after the combustion these 93. 
inches alone remain, the rest being condensed. Hence we 
conclude that the other substance produced was water. 

This result corresponds almost exactly with what would 
have been obtained, if we had made the same experiment 
upon a mixture of 70 measures of carbonic oxide, and 30 
measures of carbureted hydrogen, as will appear from the 
following table. 


* See Nicholson’s Journal, 16. -247, 
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Measures of 
inflammable Gas 
consumed. 

Measures of 
Oxygen con¬ 
sumed. 

Measures of 
carbonic Acid 
formed. 

Diminution ' 
of 

Bulk. 

Carbonic oxide 

70 

3*-5 

6 3 

3 8-5 

Carbureted hy¬ 
drogen 

So 

60.0 

3 ° 

60.0 

Total 

. . ; 

100 

j 

93 

98-5 


This coincidence is so exact, that I do not hesitate to conclude 
that the inflammable gas, which was the subject of experi¬ 
ment, was in reality a mixture of 70 parts of carbonic oxide, 
and 30 of carbureted hydrogen. The specific gravity indeed, 
which was 0.908, does not exactly agree with the specific gra¬ 
vity of such a mixture; for 2|- measures of carbonic oxide, 
and one measure of carbureted hydrogen, ought to form a 
mixture of the specific gravity 0.849, provided the specific 
gravity of carbonic oxide be 0.956, and that of carbureted 
hydrogen 0.600 ; but this objection cannot be admitted to be 
of much weight, till the specific gravity of pure carbureted 
hydrogen be ascertained with more accuracy than has hitherto 
been done. 

The results contained in the preceding table, enable us to 
determine the composition of this inflammable air with con¬ 
siderable precision; for 100 cubic inches of it require 91 inches 
of oxygen, and form 93 cubic inches of carbonic acid. But it is 
known that carbonic acid gas requires for its formation a quan¬ 
tity of oxygen gas equal to its own bulk: therefore to form 
£3 inches of it, 93 inches of oxygen gas must have been em¬ 
ployed ; but only 91 were mixed with the gas : therefore the 
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gas itself must have furnished a quantity of oxygen, equiva¬ 
lent to the bulk of two cubic inches, besides all the carbon 
contained in 93 inches of carbonic acid. 

This carbon amounts in weight to 12.09 grains. 

Two cubic inches of oxygen weigh .68 

Total 12.77 

But as 100 cubic inches of the gas weigh 28.15 grains, it is 
obvious that besides the 12.77 grains which it furnished to the 
carbonic acid, it must have contained 15.38 grains of addi¬ 
tional matter; but as the only two products were carbonic 
acid and water, it is plain that the whole of this additional 
matter must, by the explosion, have been converted into water. 
Its constituents of course must have been 

* 3'*9 ox yg e n 

2.19 hydrogen 

15-38 

Adding this to the 12.77 grains formerly obtained, we get the 
composition of the gas as follows : 

Oxygen 13.87 
Carbon 12.09 

Hydrogen 2.19 

28.15 

which reduced to too parts, becomes 
Oxygen 49.27. 

Carbon 42.95 

Hydrogen 7.78 


100.00 
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5. The residue which remained in the retort, after the dis¬ 
tillation was over, was a grey powder, not unlike pounded 
clay slate. To ascertain its constituents, it was dissolved in 
diluted nitric acid with the necessary precautions ; the loss of 
weight indicated the quantity of carbonic acid. The charcoal 
remaining undissolved, was allowed to subside, carefully 
washed by rq^eated affusions of water, and then dried in a 
glass or porcelain capsule. It must not be separated by the 
filter, for it adheres so obstinately that it cannot be taken oft' 
the paper, nor weighed. The nitric acid solution was preci¬ 
pitated by carbonate of soda, and the carbonate of lime ob¬ 
tained was violently heated in a platinum crucible. What 
remained was pure lime. 

6 . I shall now detail one of my experiments more particu¬ 
larly. Eighty-nine grains of well dried oxalate of lime were 
exposed in a small retort to a heat gradually raised to redness; 
the products were the following: 

Grains. 

45.6 cubic inches of gas* weighing 34.8 

Water - - - 6.4 

Residue in retort , - - 62.4 

83.6 

Loss m ~ 5-4 

Total 89.0 

The loss is obviously owing to the gas which filled the retort 
and tube when the experiment was concluded. We are 


• The gas obtained measured 60 cubic inches, but 144 inches of these were found 
to be common air which had previously filled the retort and tube; this quantity was 
therefore deducted. 
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warranted therefore to add it to the weight of the gaseous pro¬ 
ducts obtained. 

Now the gas was composed of 

Carbonic acid 10.5 cubic inches = 4.9 grains. 
Inflammable air 35.1 - - =9-9 

so that one-third of the weight was carbonic acid, and two- 
thirds inflammable air. If we divide the 5.4 grains of loss, 
in that proportion we obtain 1.8 grains carbonic acid, and 3.6 
grains of inflammable air. Adding these quantities to the 
weight obtained, we get for the weight of the whole gaseous 
product 

Grains. 

Carbonic acid 6.7 
Inflammable air 13.5 

20.2 

The 62.4 grains of residue in the retort were composed of 



Grains. 

Lime - 

33-4 

Carbonic acid 

26.4 

Charcoal 

2.6 


62.4 


Now it is clear, that the 89 grains of oxalate of lime were 
composed of 

Lime - 33.4 

Acid - - 53.6 

89.0 

The acid was completely decomposed and resolved into the 
following products : 


mdcccviii. 
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Carbonic add 

3 S* 1 

Inflammable air 

* 3*5 

Water 

6.4 

Charcoal - 

2.6 


. 55-6 

Had the experiment been made upon 100 grains of oxalic 
acid instead of 55.6, it is clear that the proportions would have 

been as follows. 


Carbonic acid 

59-53 

Inflammable air 

24.28 

Water 

11.51 

Charcoal 

4-68 


100.00 

The most remarkable circumstance attending the decompo¬ 
sition of oxalic add by heat, is the great proportion of carbonic 
acid formed; the quantity amounts to 6-ioths of the whole 
weight of acid decomposed. 

As the composition of all these products of oxalic acid is 
known with considerable accuracy, it is obvious that they fur¬ 
nish us with the means of ascertaining the constituents of that 
acid itself. 

59*53 grains of carbonic add are composed of 

Grains. 

Oxygen 4,2.86 
Carbon 16.67 

59*53 

24.28 grams of inflammable air, according to the analysis 
given in a preceding part of this paper, are composed of 
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Grains. 

Oxygen - 11.96 

Carbon - 10.43 

Hydrogen - 1.89 

24.28 

11*51 grains of water are composed of 
Oxygen 3.87 
Hydrogen 1.64 

11.5 1 

As for the charcoal, though it probably contains both oxy¬ 
gen and hydrogen as well as carbon, yet as the proportion of 
the two first ingredients is probably very small, and as we 
have no means of estimating them, we must at present rest 
satisfied with considering k as composed of pure carbon. 

When these different elements are collected under their 


proper heads, we obtain 

1. Oxygen in carbonic add - 42.86 

— — inflammable air - 11.96 

— — water - - 9.87 

64.69 

2. Carbon in carbonic add - 16.67 

— — inflammable air - 10.43 

— — charcoal - - 4.68 

31.7$ 

Hydrogen m inf? ammable air - 1.89 

— — — water - - 1.64 


M 2 


353 
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Hence oxalic acid is composed of oxygen 64.69 

— — — — — — —carbon 31.78 

— — — — — — — hydrogen 3.53 

100.00 

7. The result of two other experiments on oxalate of lime 
was very nearly the same as the preceding. The following 
may be stated in round numbers as the mean of the whole. 
Oxalic acid is a compound of 

Oxygen 64 
Carbon 32 
Hydrogen 4 

too 

8. The only other analysis of oxalic acid with which I am 
acquainted has been given by M. Fourcroy, as the result of 
his own experiments, in conjunction with those of Vauouelin.* 
It is as follows : 

Oxygen 77 
Carbon 13 
Hydrogen 10 

100 

It gave me considerable uneasiness to observe, that my experi¬ 
ments led to conclusions irreconcileable with those of chemists 
of such eminence and consummate skill, and it was not with¬ 
out considerable hesitation, that I ventured to place any reli¬ 
ance upon them. I am persuaded, however, that some mistake 
has inadvertently insinuated itself into their calculations; since 
the carbonic acid alone, formed during the distillation of 

* Systeme de Connois Cbem. VII. 224. 
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oxalate of lime, contains considerably more carbon than the 
whole quantity which they assign to the oxalic acid decom¬ 
posed. M. Fourcroy informs us, that oxalic acid is converted 
into carbonic acid and water, when acted upon by hot nitric 
acid ; and this decomposition seems to have been the method 
employed, to ascertain the proportion of the constituents of 
oxalic acid; but the numbers assigned by him do not corre¬ 
spond with this statement. For 10 parts of hydrogen require 
60 of oxygen to convert them into water, and 13 of carbon 
require at least 33 of oxygen. So that instead of 77 parts of 
oxygen, there would have been required no less than 98 to 
convert the hydrogen and carbon into water and carbonic 
acid. It is true, that the surplus of oxygen may be conceived 
to be furnished by the nitric acid ; but if this be admitted (and 
I have no doubt from experience, that the nitric acid actually 
does communicate oxygen), it is difficult to see how the con¬ 
stituents of oxalic acid could be determined by any such de¬ 
composition, unless the quantity of oxygen furnished by the 
nitric acid were accurately ascertained. 

IV. Composition of Oxalic Acid. 

The knowledge of the relative weights of the elements 
which compose oxalic acid, though of importance, is not suffi¬ 
cient to convey a clear idea of this compound, and in what 
respect it differs from tartaric acid, alcohol, sugar, and various 
other bodies possessing very different properties, though com¬ 
posed of the very same elements in different proportions. 

It has been ascertained, by numerous and decisive experi¬ 
ments, that elementary bodies always enter into combinations 
in determinate proportions, which may be represented by 
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numbers. For example, the numbers which correspond to 
the four elements, oxygen, azote, carbon, and hydrogen, are 
the following: 

Oxygen 6 

Azote - 5 

Carbon - 4.5 

Hydrogen 1 

Now, in all compounds consisting of these ingredients, the 
proportion of the different constituents may always be repre¬ 
sented by these numbers, or by multiples of them; thus, the 
composition of the following substances may be thus stated. 



Oxygen. 

Hydrogen. 

Carbon. 

Azote. 

Water 

6 

+ 1 i 



Carbonic oxide - 

6 


+ 4-5 


Carbonic acid 


- 

+ 4-5 


Carbureted hydrogen 

_ 

2 X 1 

+ 4 5 


Olefiant gas 

- 

1 

+ 4 -S i 


Nitrous gas - 

6 

- 

- - ; 

+ 5 

Nitric acid 

2 x 6 

- 

_ 

T 5 

Nitrous oxide 

6 

- 

- - 

+ 2x5 


From the knowledge of this curious law, it is difficult to 
avoid concluding that each of these elements consist of atoms 
of determinate weight, which combine according to certain 
fixed proportions, and that the numbers above given, repre- 
&ent the relative weights of these atoms respectively. Thus , 
an atom of oxygen weighs six, an atom of hydrogen one’ 
&c. Water is composed of one afcfm of oxygen, and one atom 
of hydrogen ; carbonic add of two atoms of oxygen, ami one 
-of carbon, &c. This curious theory, which promises to throw 
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an unexpected light on the obscurest parts of chemistry, 
belongs to Mr. Dalton. I have elsewhere illustrated it at 
considerable length.* 

The same law holds with respect to the salts. The acid 
and bases always combine in determinate proportions. We 
may affix numbers to all the acids and bases, which numbers, 
or their multiples, will represent all the combinations into 
which these bodies enter. Some of these numbers are given 
in the following table ; 


Sulphuric acid 

S 3 

Barytes 

67 

Muriatic acid 

18 

Soda 

24, 

Carbonic acid 

16.5 

Lime 

2 3 

Nitric acid 

17 

Ammonia 

6 


These numbers may be conceived to represent the relative 
weights of an integrant particle of each of these substances ; 
formed on the supposition that an atom of hydrogen weighs 1. 
It follows equally from this law, that the acids and bases com¬ 
bine particle with particle, or a certain determinate number 
of particles of the one with a particle of the other. 

One of the most important points in the investigation of 
compound bodies, is to ascertain the number which denotes 
the weight of an integrant particle of each of them, that of an 
atom of hydrogen being 1 ; because this number, or a mul¬ 
tiple of it, represents the weight of each, which enters into all 
combinations; and because it enables us to estimate the number 
of elementary atoms of which each is composed. From a careful 
comparison, of the table of oxalates, given in a preceding part 
of this paper, with the weight of the different bases already 


* See System of Chemistry, III. 424, See. 3d Edition. 
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determined,* it appears that the weight of an integrant par¬ 
ticle of oxalic acid must be represented by the number 39.5. 

Now, what number of atoms of oxygene, carbon, and hydro¬ 
gen, go to constitute an integrant particle of oxalic acid ? We 
have assigned the relative weights of each of these atoms, 
and we have ascertained the relative proportions of the respec¬ 
tive elements of oxalic acid. From these data it is easy to 
solve the problem. An integrant particle of oxalic acid con¬ 
sists of 9 atoms combined together, namely, 4 atoms of oxygen, 
3 of carbon, and two of hydrogen. 

4 atoms of oxygen weigh 4x6 ==24 

3 atoms of carbon - - 3 x 4.5 = 13.5 
2 atoms of hydrogen - 2 x 1 = * 

Total 39.5 

which together make up the weight of an integrant particle 
of oxalic acid. 

According to these proportions, 100 parts of oxalic acid is 
composed of 

Oxygen - - 61 

Carbon - - 34 

Hydrogen - - 5 

100 

numbers which do not indeed exactly correspond with the 
result of the preceding analysis, but which approach suffi¬ 
ciently^ near it to give the reasoning employed considerable 
probability at least, if it does not lead to certainty. 

* For these weights, and the method of determining them, I refer the reader to my 
System of Chemistry, 3d Edition, III. 619. The numbers which I have there assign¬ 
ed are, I am persuaded, rather too low. 
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We may now examine the decomposition which takes 
place when oxalate of lime is exposed to heat. Let an atom of 
oxygen be w, an atom of carbon c, and an atom of hydrogen h. 
An integrant particle of oxalic acid may be represented 
b y4 w + 3 r + 2 ^- We may represent the composition and 
weight of an integrant particle of each of the substances into 
which oxalic acid is decomposed by heat, by the following 
symbols and numbers : 


Carbonic acid 

2 w -{- c weight 

1 6.5 

Carbureted hydrogen 

c -h 2 h 

6-5 

Carbonic oxide 

IV + c 

10.5 

Water 

zv -}- h 

7 

Charcoal 

c 

4.5 


We may now conceive 3 particles of oxalic acid to be 
decomposed at once, and to resolve themselves into these 
substances, in the following proportions : 

4 particles of carbonic acid = 8 w + 4 c 

2 particles of carbureted hydrogen = - - 2 c -f* 4 

2 particles of carbonic oxide = 2 w + 2 c 

2 particles of water - - = q w - - + 2 /i 

1 particle of charcoal - = - 1 c 


Total 12 w + 9 c -f- 6 h 

3 particles of oxalic acid - =12 w 9 c 6 h 

We see that such a decomposition is possible. It remains 
only therefore to see whether the weights of these substances, 
which result from this hypothesis, correspond with the pre¬ 
ceding analysis. Now, 
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3 

3 

£ 

1 


of carbonic acid weigh 

4 * 

16.5 5= 66 

- carbureted hydrogen 

2 % 

6.5 == 13 

<- carbonic acid 

2 X 

10.5 === 31 

- water 

3 x 

7 33 14 

- charcoal 

- 

4-5 5=2 4 - 


Total 118.5 

Reducing these proportions to 100 parts of acid, and joipjpg 
together the two inflammable gases, the numbers come out 
as follows: 


Carbonic acid 

55-70 

we actually obtained 59.53 

Inflammable air 

28.69 

00 

0 } 

1 

1 

Water 

11.81 

11.51 

Charcoal 

3.S0 

- - - 4.68 


100.00 

100.00 


It is impossible to expect exact correspondence between 
the theory and hypothesis, till the numbers representing the 
weights of the elementary atoms be ascertained, with more 
rigid accuracy than has hitherto been done. I satisfied myself 
with taking the nearest round numbers, which are sufficient 
at least to show an evident approximation to the proportions 
obtained by experiment. 


V. Composition of $vgttr, and Formation of Oxalic Acid. 

When a compound body is decomposed, and resolved into 
a number of new substances, the f produets are almost always 
simpler, or consist of integrant particles, composed of fewer 
atoms than the integrant particles of the original body. Thus, 
though oxalic acid is composed of 9 atoms, none of the pro- 
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ducts evolved, when that acid is decomposed by heat, contain 
more than 3 atoms. Hence it is probable that sugar is a 
more compound body than oxalic acid, because nitric acid re¬ 
solves it into a variety of new compounds, one of which is 
oxalic acid. It may be worth while to examine the action of 
nitric acid on sugar, and the formation of oxalic acid, more 
closely than has hitherto been done, as the investigation will 
furnish some data for estimating the composition of sugar. 

Two hundred grains of pure crystallized sugar being 
treated with diluted nitric acid in the usual way, yielded 200 
cubic inches of carbonic acid, 64 cubic inches of nitrous gas, 
and 70 cubic inches of azotic gas. But these numbers, though 
the result of a good many experiments, are not to be con¬ 
sidered as very exact. The uncertainty depends upon the pro¬ 
perty which the solution has of producing more gas after the 
sugar is decomposed, at the expence of the oxalic acid formed. 
Now, it is difficult to stop at the precise point. 

The whole weight of oxalic acid, which can be obtained 
from 200 grains of sugar, amounts to 116 grains. If the ex¬ 
periment be properly conducted, the whole of the sugar is 
decomposed, or at least the quantity of residuary matter is 
small. 

From the preceding statement, there is reason to conclude 
that 100 grains of sugar, when decomposed by nitric acid, 
yield. 

Grains. 

1. Oxalic acid crystals 58 grains, or real acid 45 
9. Carbonic acid 100 cubic inches, equivalent to 46.5 

While these are evolved obviously-bythe decomposition of the 
nitric-acid. 

N 2 
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Grains. 

1. Azotic gas 35 cubic inches equivalent to 10.62 

2. Nitrous gas 32 cubic inches equivalent to 10.85 
Now, as nitric acid contains no carbon, it is obvious that the 

oxalic acid formed, and the carbonic acid evolved, must con¬ 
tain the whole carbon contained in 100 grains of sugar. 

Grains. 

45 grains of oxalic acid contain of carbon 14.40 
46.5 grains of carbonic acid contain of ditto 13.02 

Total 27.42 

therefore 100 grains of sugar contain grains of carbon. 

The azotic gas and nitrous gas must have been originally 
in the state of nitric acid, and must have given out oxygen 
when they were evolved. But nitric acid is composed of 

Oxygen. 

Azote - - 10.62 + 2 5 

Nitrous gas 10.85 + 45 


29 5 

Therefore they must have parted with 29.5 grains of oxy¬ 
gen. We are at liberty to suppose that the whole of this 
oxygen went to the formation of carbonic acid. Now, 46.5 
grains of carbonic acid are composed of 

Grains; 

Oxygen - 38.5 

Carbon - - 13.0 

46.5 

From this it appears, that in the carbonic acid there were 
4 grains of oxygen more than was furnished by the nitric 
acid. I confess I am disposed to ascribe this surplus- to errors 
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in the experiments, and to believe that the whole of the oxy¬ 
gen of the carbonic acid was furnished by the nitric acid. This 
being admitted, it follows that the carbon of the carbonic acid, 
and the whole constituents in the oxalic acid, were furnished 
by the sugar. These are as follows: 



Grains. 

Carbon - 

27-5 

Oxygen in 45 grains oxalic acid 

28.8 

Hydrogen in ditto 

1.8 


58.1 


If this total be subtracted from the 100 grains of sugar used, 
there will be a remainder of 41.9 grains. As this quantity of 
the sugar has disappeared, and is no where to be found among 
the products, we must suppose that it has assumed the form 
of water. Now 41.9 grains of water are composed of 
Oxygen 35.9 
Hydrogen 6 

41*9 

Adding these quantities to the preceding products, we obtain 
the composition of sugar, as follows: 


Oxygen 

647 

Carbon 

27 -5 

Hydrogen 

7.8 


100.0 


Though the process of reasoning, which led to this analysis 
of sugar, is too hypothetical to be trusted implicitly, yet I am 
persuaded that it is to a certain degree correct, and that the 
result obtained does not deviate very far from the truth. If 
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we compare Lavoisier's statement of the composition of sOgar 
obtained in a different fnahher, thongh by a mode of reason¬ 
ing not less hypothetical, we shall be surprised at Its near 
coincidence with mine. His numbers ire 
Oxygen 64 

Carbon 28 

Hydrogen 8 

100 

It is true that two different hypotheses may lead to the same 
result, and yet be both wrong; but this becomes infinitely 
improbable in the present case, when we consider that the 
proportion of carbon, which I assign to sugar, must at all events 
be nearly correct. 

We have no direct method of determining the weight of 
an integrant particle of sugar; but if the accuracy of the pre¬ 
ceding analysis be admitted, it furnishes us with an indirect 
one, which cannot be rejected; for it is clear, that the atoms 
of oxygen, carbon, and hydrogen, will be to each other re¬ 
spectively, as the numbers , A-f-, and these numbers 
reduced to their lowest terms become 5, 3, 4, nearly, which 
being primes with respect to each other, must represent the 
number of atoms, of which an integrant particle of sugar is 
composed. Sugar then is a compound of 12 atoms; namely, 
five of oxygen, three of carbon, and four of hydrogen; the 
weight of an integrant particle of it is 47.5, and its symbol is 
5 w if- 3 c -f 4 h. It differs from oxalic acid rfrOfely in con¬ 
taining an additional atorh of oxygen add two of hydrogen. 
If we had any inethod of removing these substances, Without 
altering the proportion of the other constituents, we should 
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obtain a much greater quantity of oxalic acid from sugar than 
we can at present; but nitric acid acts by removing one-half 
of the carbon in the form of carbonic acid ; the sugar deprived 
of this, resolves itself into oxalic acid and water. Suppose two 
particles of sugar acted on at once, the symbol for them will 
be 10 w -f- 6 c -f- 8 h. Let three atoms of the carbon be 
removed by the action of the nitric acid, there will remain 
io w + 3 c -(- 8 h. Now 

A particle of oxalic acid = 4 w -f- gc -j- %h 
Six particles of water — b re - - & k 

JL O w 3 C -J- 3 h 

which is just the quantity of oxalic acid left. This will give 
us some idea of the way in which the formation of oxalic acid 
by nitric acid is accomplished. And although the series of 
changes is probably more complicated, yet they are ultimately 
equivalent to the preceding statement. I allude to the for¬ 
mation of malic acid, which is said to precede the oxalic acid, 
and afterwards to be converted into it by the subsequent action 
of nitric acid ; but on the composition and formation of tills 
latter acid, I avoid making .any observations at present, as I 
propose to make them the subject of a separate dissertation. 
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V. On Super-acid and Sub-acid Salts, By William Hyde 
Wollaston, M. D. Sec . R.S. 

Read January 28, 1808. 

In the paper which has just been read to the Society, Dr. 
Thomson has remarked, that oxalic acid unites to strontian as 
well as to potash in two different proportions, and that the 
quantity of acid combined with each of these bases in their 
super-oxalates, is just double of that which is saturated by the 
same quantity of base in their neutral compounds. 

As I had observed the same law to prevail in various other 
instances of super-acid and sub-acid salts, I thought it not un¬ 
likely that this law might obtain generally in such compounds, 
and it was my design to have pursued the subject with the 
hope of discovering the cause to which so regular a relation 
might be ascribed. 

But since the publication of Mr. Dalton's theory of 
chemical combination, as explained and illustrated by Dr. 
Thomson,* the inquiry which I had designed appears to be 
superfluous, as all the facts that I had observed are but par¬ 
ticular instances of the more general observation of Mr. 
Dalton, that in all cases the simple elements of bodies are 
disposed to unite atom to atom singly, or, if either is in excess, 
it exceeds by a ratio to be expressed by some simple multiple 
of the number of its atoms. 

* Thomson’s Chemistry, 3d Edition, Vol. III. p. 425. 
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However, since those who are desirous of ascertaining the 
justness of this observation by experiment, may be deterred 
by the difficulties that we meet with in attempting to deter¬ 
mine with precision the constitution of gaseous bodies, for the 
explanation of which Mr. Dalton's theory was first con¬ 
ceived, and since some persons may imagine that the results 
of former experiments on such bodies do not accord suffi¬ 
ciently to authorize the adoption of a new hypothesis, it may 
be worth while to describe a few experiments, each of which 
may be performed with the utmost facility, and each of which 
affords the most direct proof of the proportional redundance 
or deficiency of acid in the several salts employed. 

Sub-carbonate of Potash. 

Exp. 1. Sub-carbonate of potash recently prepared, is one 
instance of an alkali having one-half the quantity of acid ne¬ 
cessary for its saturation, as may thus be satisfactorily proved. 

Let tw r o grains of fully saturated and well crystallized car¬ 
bonate of potash be wrapped in a piece of thin paper, and 
passed up into an inverted tube filled with mercury, and let 
the gas be extricated from it by a sufficient quantity of muriatic 
acid, so that the space it occupies may be marked upon the 
tube. 

Next, let four grains of the same carbonate be exposed for 
a short time to a red heat; and it will be found to have parted 
with exactly half its gas ; for the gas extricated from it in the 
same apparatus will be found to occupy exactly the same 
space, as the quantity before obtained from two grains of fully 
saturated carbonate. 
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Sub-carbonate of Soda. 

Exp. 2. A similar experiment may be made with a saturated 
carbonate of soda, and with the same result; for this also 
becomes a true semi-carbonate by being exposed for a short 
time to a red heat. 


Super-sulphate of Potash. 

By an experiment equally simple, super-sulphate of potash 
may be shewn to contain exactly twice as much acid as is ne¬ 
cessary for the mere saturation of the alkali present. 

Exp. 3. Let twenty grains of carbonate of potash (which 
would be more than neutralized by ten grains of sulphuric 
acid) be mixed with about twenty-five grains of that acid in 
a covered crucible of platina, or in a glass tube three quarters 
of an inch diameter, and five or six inches long. 

By heating this mixture till it ceases to boil, and begins to 
appear slightly red hot, a part of the redundant acid will be 
expelled, and there will remain a determinate quantity form¬ 
ing super-sulphate of potash, which when dissolved in water 
will be very nearly neutralized by an addition of twenty grains 
more of the same carbonate of potash; but it is generally 
found very slightly acid, in consequence of the small quantity 
of sulphuric acid which remains in the vessel in a gaseous 
State at a red heat. 

In the preceding experiments, the acids are made to assume 
a determinate proportion to their base, by heat which cannot 
destroy them. In those which follow, the proportion which 
a destructible acid shall assume cannot be regulated by the 
same means ; but the constitution of its compounds previously 
formed, may nevertheless be proved with equal facility. 
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Super-oxalate of Potash. 

Exp. 4. The commoEV super-oxalate of potash is a salt that 
contains alkali sufficient to saturate exactly half of the acid 
present. Hence, if two equal quantities of salt of sorrel be 
taken, and if one of them be exposed to a red heat, the alkali 
which remains will be found exactly to saturate the redundant 
acid of the other portion. 

In addition to the preceding compounds, selected as distinct 
examples of binacid salts, I have observed one remarkable 
instance of a more extended and general prevalence of the 
law under consideration ; for when the circumstances are such 
as to admit the union of a further quantity of oxalic acid with 
potash, I found a proportion, though different, yet analogous 
to the former, regularly to occur. 

§, Quadroxalate of Potash. 

In attempting to decompose the preceding super-oxalate by 
means of acids, it appeared that nitric or muriatic acids, are 
capable of taking only half the alkali, and that the salt which 
crystallizes after solution in either of these acids, has accord¬ 
ingly exactly four times as much acid as would saturate the 
alkali that remaiis. 

Exp . 5. For the purpose of proving that the constitution of 
this compound has been rightly ascertained, the salt thus 
formed should be purified by a second crystallization in dis¬ 
tilled water; after which the alkali of thirty grains must be 
obtained by exposure to a red heat, in order to neutralize the 
redundant acid contained in ten grains of the same salt. The 
quantity of unburned salt contains alkali for one part out of 

O 2 
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four of the acid present, and it requires the alkali of three 
equal quantities of the same salt to saturate the three remain¬ 
ing parts of acid. * 

The limit to the decomposition of super-oxalate of potash 
by the above acids, is analogous to that which occurs when 
sulphate of potash is decomposed by nitric acid ; for in this 
case also, no quantity of that acid can take more than half the 
potash, and the remaining salt is converted into a definite 
super-sulphate, similar to that obtained by heat in the third 
experiment. 

It is not improbable that many other changes in chemistry, 
supposed to be influenced by a general redundance of some 
one ingredient, may in fact be limited by a new order of affi¬ 
nities taking place at some definite proportion to be expressed 
by a simple multiple. And though the strong power of crys¬ 
tallizing in oxalic acid, renders the modifications of which its 
combinations are susceptible more distinct than those of other 
acids, it seems probable that a similar play of affinities will 
arise in solution, when other acids exceed their base in the 
same proportion. 

In order to determine whether oxalic acid is capable of 
uniting to potash in a proportion intermediate between the 
double and quadruple quantity of acid, I neutralized forty- 
eight grains of carbonate of potash with thirty grains of oxalic 
acid, and added sixty grains more of acid, so that I had two 
parts of potash of twenty-four grains each, and six equivalent 
quantities of oxalic acid of fifteen grains each, in solution, 
ready to crystallize together, if disposed to unite, in the pro¬ 
portion of three to one ; but the first portion of salt that crys¬ 
tallized, was the common binoxalate, or salt of sorrel, and a 
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portion selected from the after crystals (which differed very 
discernibly in their form) was found to contain the quadruple 
proportion of acid. Hence it is to be presumed, that if these 
salts could have been perfectly separated, it would have been 
found, that the two quantities of potash were equally divided, 
and combined in one instance with two, and in the other with 
the remaining four out of the six equivalent quantities of acid 
taken. 

To account for this want of disposition to unite in the pro¬ 
portion of three to one by Mr. Dalton's theory, I apprehend 
he might consider the neutral salt as consisting of 

2 particles potash with 1 acid, 
The binoxalate as 1 and 1, or 2 with 2, 

The quadroxalate as 1 and 2, or 2 with 4, 

in which cases the ratios which I have observed of the acids 
to each other in these salts would respectively obtain. 

But an explanation, which admits the supposition of a double 
share of potash in the neutral salt, is not altogether satisfac¬ 
tory ; and I am further inclined to think, that when our views 
are sufficiently extended, to enable us to reason with precision 
concerning the proportions of elementary atoms, we shall 
find the arithmetical relation alone will not be sufficient to 
explain their mutual action, and that we shall be obliged to 
acquire a geometrical conception of their relative arrangement 
in all the three dimensions of solid extension. 

For instance, if we suppose the limit to the approach of 
particles to be the same in all directions, and hence their vir¬ 
tual extent to be spherical (which is the most simple hypo¬ 
thesis) ; in this case, when different sorts combine singly there 
is but one mode of union. If they unite in the proportion of 
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two to one, the two particles will naturally arrange themselves 
at opposite poles of that to which they unite. If there be 
three, they might be arranged with regularity, at the angles 
of an equilateral triangle in a great circle surrounding the 
single spherule; but in this arrangement, for want of similar 
matter at the poles of this circle, the equilibrium would be 
unstable, and would be liable to be deranged by the slightest 
force of adjacent combinations ; but when the number of one 
set of particles exceeds in the proportion of four to one, then, 
on the contrary, a stable equilibrium may again take place, if 
the four particles are situated at the angles of the four equi¬ 
lateral triangles composing a regular tetrahedron. 

But as this geometrical arrangement of the primary ele¬ 
ments of matter is altogether conjectural, and must rely for 
its confirmation or rejection upon future inquiry, I am desirous 
that it should not be confounded with the results of the facts 
and observations related above, which are sufficiently distinct 
and satisfactory with respect to the existence of the law of 
simple multiples. It is perhaps too much to hope, that the 
geometrical arrangement of primary particles will ever be 
perfectly known ; since even admitting that a very small 
number of these atoms combining together would have a 
tendency to arrange themselves in the manner I have ima¬ 
gined ; yet, until it is ascertained how small a proportion the 
primary particles themselves bear to the interval between 
them, it may be supposed that surrounding combinations, 
although themselves analogous, might disturb that arrange¬ 
ment, and in that case, the effect of such interference must 
also be taken into the account, before any theory of chemical 
combination can be rendered complete. 
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VI. On the Inconvertibility of Bark into Alburnum. By Thomas 

Andrew Knight, Esq. F. R. S. In a Letter to Sir Joseph 

Banks, K.B . P.R.S ., 

Read February 4, 1808. 

MY DEAR SIR, 

In a letter which I had the honour to address to you in the 
end of the last year,* I endeavoured to prove that the matter 
which composes the bark of trees, previously exists in the 
cells both of their bark and alburnum, in a fluid state, and 
that this fluid, even when extravasated, is capable of changing 
into a pulpous and cellular, and ultimately a vascular sub¬ 
stance ; the direction taken by the vessels being apparently 
dependent on the course which the descending fluid sap is 
made to take.-f The object of the present Memoir is to prove, 
that the bark thus formed, always remains in the state of 
bark, and that no part of it is ever transmuted into alburnum, 
as many very eminent naturalists have believed. 

Having procured, by grafting, several trees of a variety of 

* Phil. Trans. 1807. 

f I had observed this circumstance in many successive seasons; but I was not by 
any means prepared to believe that such an arrangement could take place in the co- 
agulum afforded by an extravasated fluid ; and 1 am indebted to Mr. Carlisle for 
having pointed out to me many circumstances in the motion and powers of the blood 
of animals, which induced me to give credit to the accuracy of my observations; and 
to thaft Gentleman and to Mr. Home, 1 have-also subsequently to acknowledge many 
obligations. 
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the apple and crab tree, the woods of which were distinguish¬ 
able from each other by their colours, I took off, early in the 
spring, portions of bark of equal length, from branches of 
equal size, and I transposed.these pieces of bark, inclosing a 
part of the stem of the apple tree with a covering of the bark 
of the crab tree, which extended quite round it, and applying 
the bark of the apple tree to the stem of the crab tree in the 
same manner. Bandages were then applied to keep the trans¬ 
posed bark and the alburnum in contact with each other; and 
the air was excluded by a plaister composed of bees-wax and 
turpentine, and with a covering of tempered clay. 

The interior surface of the bark of the crab tree presented 
numerous sinuosities, which corresponded with similar inequali¬ 
ties on the surface of the alburnum, occasioned by the former 
existence of many lateral branches. The interior surface of 
the bark of the apple tree, as well as the external surface of 
the alburnum, was, on the contrary, perfectly smooth and 
even. A vital union soon took place between the transposed 
pieces of bark, and the alburnum and bark of the trees to 
which they were applied ; and in the autumn it appeared evi¬ 
dent, that a layer of alburnum had been, in every instance, 
formed beneath the transposed pieces of bark, which were 
then taken off'. 

Examining the organization of the alburnum, which had 
been generated beneath the transposed pieces of bark of the 
crab tree, and which had formed a perfect union with the al¬ 
burnum of the apple tree, I could not discover any traces of 
the sinuosities I had noticed; nor was the uneven surface of 
the alburnum of the crab tree more changed by the smooth 
transposed bark of the apple tree. The newly generated 
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alburnum, beneath the transposed bark, appeared perfectly 
similar to that of other parts of the stock, and the direction 
of the fibres and vessels did not in any degree correspond 
with those of the transposed bark.* 

Repeating this experiment, I scraped off the external sur¬ 
face of the alburnum in several spaces, about three lines in 
diameter, and in these spaces no union took place between 
the transposed bark and the alburnum of the stock, nor was 
there any alburnum deposited in the abraded spaces; but the 
newly generated cortical and alburnous layers took a circular, 
and rather elliptical, course round those spaces, and appeared 
to have been generated by a descending fluid, which had 
divided into two currents when it came into contact with the 
spaces from which the surface had been scraped off, and to 
have united again immediately beneath them. 

In each of these experiments, a new cortical and alburnous 
layer was evidently generated; and apparently by the same 
means that similar substances were generated beneath a plaister 
composed of bees-wax and turpentine, in former experi¬ 
ments and the only obvious difference in the result appears 
to be, that the transposed and newly generated bark formed 
a vital union with each other: and it is sufficiently evident, 
that if bark of any kind was converted into alburnum, it must 
have been that newly generated. For it can scarcely be sup- 

* Du mam el having taken off, and immediately replaced, similar pieces of the 
bark of young elms, subsequently found that the alburnum, which was generated 
beneath such pieces of bark, had not formed any union with the alburnum of the tree, 
beneath it. But this great naturalist did not employ ligatures of sufficient power to 
bring the bark and alburnum into close contact, or the result would have been dif¬ 
ferent. 

f Phil. Trans, for 1807. 
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posed, that the bark of a crab tree was transmuted into the 
alburnum of an apple tree, or that the sinuosities of the bark 
of the crab tree could have been obliterated, had such trans¬ 
mutation taken place. There is not, however, any thing in 
the preceding cases, calculated to prove that the newly gene¬ 
rated bark was not converted into alburnum; and the elabo¬ 
rate experiments of Duhamel sufficiently evince the difficulty 
of producing any decisive evidence in this case ; nevertheless 
I trust that I shall be able to adduce such facts as, in the ag¬ 
gregate, will be found nearly conclusive. 

Examining almost every day, during the spring and sum¬ 
mer, the progressive formation of alburnum in the young 
shoots of an oak coppice, which had been felled two years 
preceding, I was wholly unable to discover any thing like the 
transmutation of bark into alburnum. The commencement of 
the alburnous layers in the oak (quercus robur) is distinguished 
by a circular row of very large tubes. These tubes are of 
course generated in the spring; and during their formation, I 
found the substance through which they passed to be soft and 
apparently gelatinous, and much less tenacious and consistent 
than the substance of the bark itself; and, therefore, if the 
matter which gave existence to the alburnum previously com¬ 
posed the bark, it must have been, during its change of cha¬ 
racter, nearly in a state of solution; but it is the transmutation 
of one organized substance into the other, and not the identity 
only of the matter of both, for which the disciples of Mal¬ 
pighi contend ;.and if the fibres and vessels of the bark really 
became those of the alburnum, a very great degree of simi¬ 
larity ought to be found in the organization of those sub¬ 
stances. No such similarity, however, exists; and not any 
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thing at all corresponding with the circular row of large tubes 
in the alburnum of the oak is discoverable in the bark of that 
tree. These tubes are also generated within the interior 
surface of the bark, which is well defined; and during their 
formation the vessels of the bark are distinctly visible, as 
different organs; and had the one been transmuted into the 
other, their progressive changes could not, I think, possibly 
have escaped my observation: nor does the organization of 
the bark in other instances, in any degree indicate the cha¬ 
racter of the wood that is generated beneath it: the bark of 
the wych elm (ulmus montana) is extremely tough and fibrous; 
and it is often taken from branches of six or eight years old, 
to be used instead of cords; that of the ash (fraxinus excel¬ 
sior) on the contrary, when taken from branches of the same 
age, breaks almost as readily in any one direction as in an¬ 
other, and scarcely presents a fibrous texture; yet the albur¬ 
num of these trees is not very dissimilar, and the one is often 
substituted for the other in the construction of agricultural 
instruments. 

Mirbel has endeavoured to account for the dissimilar orga¬ 
nization of the bark, and of the wood into which he conceives 
it to be converted, by supposing that the cellular substance of 
the bark is always springing from the alburnum, whilst the 
tree is growing, and that it carries with it part of the tubular 
substance (tissu tubulaire) of the liber, or interior bark. These 
parts of the interior bark, which are thus removed from con¬ 
tact with the alburnum, he conceives to constitute the external 
bark or cortex, whilst the interior part of the liber progres¬ 
sively changes into alburnum. 

But if this theory (which I believe I have accurately stated, 
P 2 
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though I am not quite certain that I fully comprehend its au¬ 
thor*) were well founded, the texture of the alburnum must 
surely be much more intricate and interwoven than it is, and its 
tubes would lie less accurately parallel with each other than 
they do: and were the fibrous substance of the bark progres¬ 
sively changing into alburnum, the bark must of necessity be 
firmly attached to the alburnum during the spring and summer 
by the continuity, and indeed identity of the vessels and fibres 
of both these substances. This, however, is not in any degree 
the case, and the bark is in those seasons very easily separated 
from the alburnum; to w T hich it appears to be attached by a 
substance that is apparently rather gelatinous than fibrous or 
vascular : and the obvious fact, that the adhesion of the corti¬ 
cal vessels and fibres to each other is much more strong than 
the adhesion of the bark to the alburnum, affords another 
circumstance almost as inconsistent with the theory of Mal¬ 
pighi, as with that of Mirbel. 

Many of the experiments of Duhamel are, however, appa¬ 
rently favourable to the theory of Malpighi, respecting the 
conversion of bark into alburnum ; and Mirbel has cited two, 
which he appears to think conclusive.^* In the first of these, 
Duhamel shews that pieces of silver wire, inserted in the 
bark of trees, were subsequently found in their alburnum; 
but Duhamel himself has shewn, with his usual acuteness and 
candour, that the evidence afforded by this experiment is ex¬ 
tremely defective; and he declares himself to be uncertain 
that the pieces of wire did not, at their first insertion, pass be¬ 
tween the bark and the alburnum; in which case they would 

* Chap. III. Article 5, Traite d'Anatomie et dc Pbysiologie VegetaU . 

f Chap. III. Article 5, 
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necessarily have been covered by every successive layer of 
alburnum, without any transmutation of bark into that sub¬ 
stance.* 

In the second experiment cited by Mirbel, Duhamel has 
shewn that when a bud of the peach tree, with a piece of bark 
attached to it, is inserted in a plum stock, a layer of wood 
perfectly similar to that of the peach tree will be found, in 
the succeeding winter, beneath the inserted bark. The state¬ 
ment of Duhamel is perfectly correct; but the experiment 
does not by any means prove the conversion of bark into 
wood; for if it be difficult to conceive (as he remarks) that 
an inserted piece of bark can deposit a layer of alburnum, it 
is at least as difficult to conceive how the same piece of bark 
can be converted into a layer of alburnum of more than twice 
its own thickness (and the thickness of the alburnum deposited 
frequently exceeds that of the bark in this proportion), with¬ 
out any perceptible diminution of its own proper substance. 
The probable operation of the inserted bud, which is a well 
organized plant, at the period when it becomes capable of 
being transposed with success, appears also, in this case, to 
have been overlooked, for I found that when I destroyed the 
buds in the succeeding winter, and left the bark which be¬ 
longed to them uninjured, this bark no longer possessed any 
power to generate alburnum. It nevertheless continued to 
live, though perfectly inactive, till it became covered by the 
successive alburnous layers of the stock; and it was found 
many years afterwards inclosed in the wood. It was, how¬ 
ever, still bark, though dry and lifeless, and did not appear 
to have made any progress towards conversion into wood. 

* Physique des Arbres, Lib. IV. Ch. III. 
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In the course of very numerous experiments, which were 
made to ascertain the manner in which vessels are formed in 
the reproduced bark, * many circumstances came under my 
observation which I could adduce in support of my opinion, 
that bark is never transmuted into alburnum ; but I do not 
think it necessary to trouble you with an account of them; 
for though much deference is certainly due to the opinions of 
those naturalists who have adopted the opposite theory, and 
to the doubts of Duhamel, I am not acquainted with a single 
experiment which warrants the conclusions they have drawn; 
and I think that were bark really transmuted into alburnum, 
its progressive changes could only have escaped the eyes of 
prejudiced, or inattentive observers. In the course of the en¬ 
suing spring, I hope to address to you some observations 
respecting the manner in which the alburnum is generated. 

I am, my dear Sir, 

your most obliged obedient servant, 

Elton, Dec. 2 9 , 1807. THOMAS AND. KNIGHT. 


Phil. Trans, for 1807. 
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VII. Some Account of Cretinism , By Henry Reeve, M. D. of 
Norwich. Communicated by William Hyde Wollaston, M. D, 
Sec. R. S. 


Read February 11, 3808. 


Felix Plater, in one of his observations, gives the history 
of a species of mental imbecility, which he saw in passing 
through the village of Bremis in the Valais. Cretinism, a 
word of uncertain derivation, is the name employed by the 
inhabitants of Switzerland to denote this disease, which is en- 
demial in several districts of that country. It had probably 
existed long in those parts; for Plater mentions cretins as 
being very common both in the Valais and in Carinthia, but 
the peculiar marks of these wretched beings were not gene¬ 
rally known before he described them.* Mons. De Saussure 
has furnished the most minute and accurate account both of 
the appearances of the disorder, and of the circumstances 
which seem to produce it; and Mr. Coxe and several travel¬ 
lers have noticed the symptoms of cretinism, without adducing 
any satisfactory explanation of the causes to which it may be 
ascribed. Malacarni of Turin and Professor Ackermann 
have given a very accurate description of several cretins that 
they dissected ; and besides some detached essays by different 
authors, a very full account of this malady is to be found in 

* F. Plateri Praxeos Medina, Cap. III. Basil. 16$6, 



x 12 Dr. Reeve's Account of Cretinism. 

an “ Essai sur le Goitre et Cretinismepar M. Fodere," published 
at Paris in 1800. 

My curiosity led me some time ago to inquire more parti¬ 
cularly into the nature and causes of cretinism, because it is 
usually connected with goitre, or bronchocele; I was indeed 
led to this inquiry, partly by the hope of discovering some 
function for the thyroid gland, more satisfactory than what is 
commonly a Hedged; but in these expectations I have been 
disappointed. 

In the summer of 1805 ,1 had an opportunity of seeing se¬ 
veral cretins at Martigny and Sion, and other villages in the 
Valais; and I was glad to compare what had been written 
upon that subject, with what my own observation could sug¬ 
gest. By inquiries on the spot, I intended to learn what con¬ 
nection subsisted between weakness of the intellectual faculties 
and the swelling of the thyfoid gland: what were the moral 
and physical circumstances which could influence the condition 
of the inhabitants, so as to make idiocy so prevalent; and 
what were the most efficient modes of relief. The following 
results I beg leave to lay before the Royal Society. 

Cretinism is found not only in the vallies of the Alps, both 
on the French and Italian side of these mountains, but in the 
mountainous parts of Germany and Spain; and it was observed 
in Chinese Tartary by Sir George Staunton, in a part of 
that country much resembling Switzerland and Savoy in its 
alpine appearance. The enlargement of the thyroid gland 
called goitre, is the most striking feature in the unsightly 
aspect of a cretin; but this is not a constant attendant. His 
head also is deformed, his stature diminutive, his complexion 
sickly, his countenance vacant and destitute of meaning, his 
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lips and eye-lids coarse and prominent, his skin wrinkled and 
pendulous, his muscles loose and flabby. The qualities of his 
mind correspond to the deranged state of the body which it 
inhabits; and cretinism prevails in all the intermediate degrees, 
from excessive stupidity to complete fatuity. 

At a small village, not far distant from Martigny, I exa¬ 
mined four cretins. One lad, twelve years old, could speak a 
few words ; he was of a weak and feeble frame, silly, but had 
no goitre. Another boy, nine years old, was deaf and dumb, 
idiotic, with no goitre, the only child of his mother, who has 
a large goitre which affects her respiration and her voice, 
though in other respects she is intelligent and well formed, 
and the father enjoys good health ; they are not natives of 
this place. I saw a family in which all the children were 
cretins; the eldest died a year ago, a miserable object; the 
second, a girl, twelve years old, is deaf and dumb and cross¬ 
eyed, and has a monstrous goitre, with just intelligence enough 
to comprehend a few natural signs; the third, is a boy six 
years old, small and feeble, abdomen enlarged, no goitre, 
very feeble in mind and body, not entirely deficient in under¬ 
standing ; the mother had a moderate sized goitre, but was 
quite free from any mental affection; the father neither goi¬ 
trous nor stupid, but of a delicate constitution. 

There is no necessary connexion between goitre and creti¬ 
nism, notwithstanding the assertions and ingenious reasoning 
adduced by Fodere. It is probable, the one has been assumed 
as the cause of the other, from the enlargement of the thy¬ 
roid gland being a frequent occurrence in cretins ; and as it 
forcibly strikes the observer from the deformity it occasions, 
this strong impression may have converted an accidental, 

mdcccviii. O 
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though frequent occurrence, into a general and necessary 
cause. Cretinism is frequently observed without any affection 
of the thyroid gland, and that gland is often very much en¬ 
larged without any affection of the intellectual faculties. There 
seems to be some similarity between cretinism and rickets, as 
they both take place in infancy, are both characterized by 
feebleness of body, and sooner or later by feebleness of mind, 
and they both affect males and females equally ; but there is 
no sort of connexion between persons afflicted with broncho- 
cele in England, and with rickets. For although it might be 
granted, that there is some delicacy of frame in females about 
the period of pubescence when bronchocele usually occurs, 
yet neither irregular formation of the bones, nor weakness of 
the intellectual powers, are common symptoms attending 
bronchocele in Britain. 

To what peculiarities then, in the physical constitution of 
certain districts, are we to ascribe the production of this sin¬ 
gular malady? Saussure’s description of the Valais is ex¬ 
ceedingly precise and accurate, and the causes which he has 
alledged appear sufficient to account for the phenomena. The 
vallies where cretinism is most frequent, are surrounded by 
very high mountains; they are sheltered from the currents 
of air, and exposed to the direct and still more to the reflected 
rays of the sun. The effluvia from the marshes are very 
strong, and the atmosphere humid, close, and oppressive. All 
the cretins that I saw, were in adjoining houses, in the little 
village called La Batia, situated in a narrow corner of the 
valley, the houses being built up under ledges of the rocks, 
and all of them very filthy, very dose, very hot, and miser¬ 
able habitations. In villages situated higher up the mountains. 



Dr. Reeves Account of Cretinism. 115 

no cretins arc to be seen, and the mother of one of the chil¬ 
dren told me, of her own accord, without my asking the 
question, that her child was quite a diSerent being when he 
was up the mountain, as she called it, for a few days. 

The production of cretinism, by the bad quality of the air 
and the food, the neglect of moral education, and other evils 
attendant upon poverty, is supported by facts so pointed, that 
the greater number of cases in mountainous districts where 
snow-water abounds, may safely be ascribed to these general 
causes. The notion of snow-water being the cause of goitre, 
and consequently of cretinism, seems to have been derived 
from Pliny (Lib. II. cap. 37,) and copied by almost every 
succeeding writer, because it coincided with their hypotheses 
of cold and crude matters, although directly contradicted by 
facts. In the first place, persons born in places contiguous to 
the glaciers, who drink no otiier water than what flows from 
the melting of ice and snow, are not subject to this disorder; 
and, secondly, the disorder is observed in places where snow 
is unknown. 

The theory of water impregnated with calcareous matter 
being the cause, is equally unfounded; because the common 
waters of Switzerland excel those of every other country in 
Europe for purity and flavour. There is not a village, nor a 
valley, but what is enlivened by limpid rivulets or streams 
gushing from the rocks. The water usually drank at La 
Batia and Martigny is from the river Dranse, which flows 
from the glacier of St. Bernard, and falls into the Rhone; it 
is remarkably free from earthy matter, and well tasted. At 
Martigny, there are two or three pumps, the water of which 
is pure and equally fit for culinary purposes, but said to be 

O2 
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unwholesome, without any good reason. At Bern, the water 
is extremely pure, yet, as Haller remarks, swellings of the 
throat are not uncommon in both sexes, although cretinism 
is rare. With regard to the alledged causes of goitre, the 
general opinion of its being endemial in mountainous coun¬ 
tries, is of no value, because the disease is rare in Scotland, 
and very common in the county of Norfolk. 

The causes of cretinism begin to operate upon the system 
soon after, perhaps even before birth ; the want of energy in 
the parent is communicated to the offspring; the children 
become deformed and cachectic very early in life, the growth 
and developement of the body is impeded, the abdomen be¬ 
comes enlarged, and the glands swelled in various degrees; 
and the powers of the mind remain dormant, or become 
entirely obliterated, partly from want of proper organiza¬ 
tion, and partly from the total neglect of every thing like 
education. 

It might be expected, that the dissection of cretins would 
throw some light upon the series of phenomena associated 
together in the origin and progress of this singular affection ; 
but the people are so superstitious, that it is very difficult to pro¬ 
cure bodies for anatomical examination. However, some dis¬ 
sections have been made, and the appearances in the cranium 
are very curious. From the description of a cretin's skull by 
Ackermann, it appears that the cavity for the reception of 
the pons varolii and medulla oblongata was completely obli¬ 
terated, and that in which the cerebellum is lodged so much 
diminished, that it scarcely exceeded one-third of its natural 
capacity. The return of the venous blood must have been con¬ 
siderably impeded by the mal-confirotation of the foramina. 
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Appearances nearly similar were observed by Malacarni and 
by Fodere. 

In the anatomical museum at Vienna, I saw a cretin's skull, 
from which Professor Prochaska was so obliging as to per¬ 
mit me to have two drawings taken. It is the cranium of a 
cretin, who died at the age of thirty, yet the fontanelle is not 
closed, the second set of teeth are not out of their sockets, 
and none of the bones are distinctly and completely formed. 
The head is very large, the face small; it is like the skull of 
an adult joined to the face of a child; every part bears marks, 
of irregularity in the growth and formation; and irregular 
action must have been the concomitant of such a morbid 
structure, whether the appearances be considered as cause or 
effect. 

The four angles of the os make are not well defined ; the 
zygomatic and maxillary processes of this bone are wanting; 
the nasal processes of the superior maxillary bone are very 
large, and exhibit no marks of union with the os malae; the 
ossa nasi are very small; the temporal bone is imperfectly 
formed; the zygomatic process terminates at the coronoid 
process of the lower jaw; the mastoid and styloid processes 
are wanting, and the pars petrosa remarkably small; the 
squamous portion not distinctly marked ; the os occipitis un¬ 
usually large, and numerous additional bones, ossa triquetra, 
along the w'hole course of the Jambdoid suture. These ap¬ 
pearances will be readily seen by referring to the figures ; the 
other deviations of the natural structure corresponded with 
those already described by different writers. 

There is no fact in the natural history of man, that affords 
an argument so direct and so impressive, in proof of the in- 
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fluence of physical causes on the mind, as cretinism. It shows 
moreover, that the growth of every part is essentially con-- 
nected with the conditions in which it is fit to exercise its 
peculiar functions ; and in this respect, it fares with the intel¬ 
lectual as with the bodily powers. 

The most decisive argument in proof of this opinion is, that 
cretinism may be prevented by removing children from the 
confined and dirty places where it prevails, and nursing and 
educating them in the higher parts of the mountains. Within 
these last ten years,, the number of cretins has diminished, the 
condition of the lowest class of society is somewhat bettered, 
and more attention is paid towards that diseased constitution 
which is the forerunner of mental imbecillity. I did not find 
that the poor creatures took any pride in having any of their 
children idiots or bien heureur , as some authors assert; on the 
contrary, the parents were very much ashamed of acknow¬ 
ledging that any cretins belonged to their families ; and it was 
after repeated attempts, only by declaring myself to be a phy¬ 
sician, that I could get access into their houses to examine any 
of these wretched beings in the human form. The burnt 
sponge is known as a remedy for the goitre among the people 
where it is most prevalent; hut it is seldom administered, be¬ 
cause the disease is so common, that it does not attract notice, 
nor affect in general the ordinary functions -of life. And as to 
cretinism, that seems to be looked upon as belonging to indi¬ 
gence and poverty; for in every place where I saw cretins, 
many well looking persons of both sexes resided, and these 
were, without exception, persons of a higher class in society, 
who lived in better houses, and could supply both their moral 
and physical necessities. 
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I might perhaps have insisted more upon the analogy be¬ 
tween cretinism and rickets, for there is a remarkable coinci¬ 
dence in the literary history of these two diseases, as well as 
in many other points. Geisson first described rickets, as it 
appeared in this country, in the middle of the seventeenth 
century, about the same time that Plater mentions cretinism. 
The origin of both names is equally obscure; and since some 
of the remote causes are now discovered, it is to be hoped the 
diseases themselves will gradually disappear, and in some 
happier age be known only by description. 
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VIII. On a new Property of the Tangents of the three Angles of a 
Plane Triangle. By Mr. William Garrard, Quarter Master of 
Instruction at the Royal Naval Asylum at Greenwich. Com¬ 
municated by the Astronomer Royal. 


Read February 11, 1808. 

Proposition I. In every acute angled plane triangle, the 
sum of the three tangents of the three angles multiplied by 
the square of the radius, is equal to the continued product of 
the tangents. 

Demonstration. —Let AH, HI, and IB 
be the arches to represent the given 
angles; and AG, HK, and BT be their G- 
tangents, put r the radius, AG = a , and 
BT = 6, 

r a r* 

Then - and ^ will be the tangents of 
HD and DI. 

Now by Prop. VIII. Sect. I. Book I. 

Emerson's Trigonometry, 

As radius square—product of two tangents 
Is to radius square, 

So is the sum of the tangents 
To the tangent of their sum. 

= HK ; 

ab a * b ab — r l 

therefore a + b + = the sum of the three 

tangents, 

and x r“ = ab x = their continued product. 

Q.E.D. 
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Proposition II. In every obtuse angled plane triangle, the 
sum of the three tangents of the three angles multiplied by 
the square of radius, is equal to their continued product. 


. Demonstration .—Let AH be an obtuse 
arc, and HE, ED the other two. 

Then BF, ED, and AG are the three 
tangents. 

Put BF = t and DE = u radius = r, 
then per trigonometry, as before, 

But — BT = AG = — x r. 

Wherefore t -f- u — x r* = the 

sum of the three tangents, which being 
reduced 

is = — tu x p rzrjz * and multiplied into 
r* is equal to 



tu x — ZTZT TZ * r = the product. 


Q. E.D. 


MDCCCVIII. 


R 


C 132 3 


IX. On a new Property of the Tangents of three Arches trisect¬ 
ing the Circumference of a Circle , by Nevil Maskelyne, D. D. 
F, R. S. and Astronomer Royal. 

Read February i8, 1808. 

M r. William Garrard having shewn me a curious property 
of the tangents of the three angles of a plane triangle, or in 
other words, of the tangents of three arches trisecting a semi¬ 
circle, in a paper which I have communicated to this Society, 
I was led to consider whether a similar property might not 
belong to the tangents of three arches trisecting the whole 
circumference ; and, on examination, found it be so. 

Let the circumference of a circle be divided any how into 
three arches A, B,C; that is, let A + B + C be equal to the 
whole circumference. I say, the square of the radius mul¬ 
tiplied into the sum of the tangents of the three arches A, B, C, 
is equal to the product of the tangents multiplied together. I 
shall demonstrate this by symbolical calculation, now com¬ 
monly called (especially by foreign mathematicians) analytic 
calculation. 

It may be proper to premise, that the signification of the 
symbolical expressions of the tangents of an arc, whether with 
respect to geometry or numbers, are to be understood ac¬ 
cording to their position as lying on one side, or the other 
side of the radius, passing through the point of commence¬ 
ment of the arc of the circle; those tangents which belong to 
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the first or third quadrant of the circle being considered as 
positive, and those belonging to the second and fourth qua¬ 
drant, being of a contrary direction, as negative ; in like 
manner as the sines in the first semi-circle are considered as 
positive, and in the second semi-circle as negative; and the 
cosines in the first and fourth quadrant are considered as 
positive, and in the second and third quadrants as negative; 
they lying, in the second case, on the contrary side of the 
diameter passing through the point of ninety degrees, to what 
they do in the former. Hence it easily follows, that the tan¬ 
gent of any arch and of its supplement to the whole circum¬ 
ference, or 360 degrees, are equal and contrary to one another, 
or the one negative of the other. 

Let t, u, w, be put for the tangents of the three arches A, 
B, C respectively, and r for the radius, and © for the whole 
circumference. Then A + B -j- C = 0 , and C = © —A+B. 

By trigonometry, t, A+ B = r ^~- i and the tang. C = tang. 
(© — A -|- B) = — tang. A-4-B, by what has been said above. 
Therefore t, A + 1 , B + t, C or t + u + w = t -fi u — 

— tux. — - £~j~ ; but t and u are the expressions for the tan¬ 
gents of A and B respectively, and — ~~~ is the expression 

for the tangent of C, or for w. Therefore, r* x t + u -j- w, or 
the square of the radius multiplied into the sum of the three 
tangents of A, B, and C = tu w, or the product of the tangents. 
Q.E.D. 
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X. An Account of the Application of the Gas from Coal to econo¬ 
mical Purposes. By Mr. William Murdoch. Communicated 
by the Right Hon. Sir Joseph Banks, Bart. K. B. P . R. S. 

Read February 25, 1808. 

The facts and results intended to be communicated in this 
Paper, are founded upon observations made, during the pre¬ 
sent winter, at the cotton manufactory of Messrs. Philips and 
Lee at Manchester, where the light obtained by the combus¬ 
tion of the gas from coal is used upon a very large scale ; the 
apparatus for its production and application having been pre¬ 
pared by me at the works of Messrs. Boulton, Watt, and Co. 
at Soho. 

The whole of the rooms of this cotton mill, which is, I be¬ 
lieve, the most extensive in the United Kingdom, as well as 
its counting-houses and store-rooms, and the adjacent dwelling- 
house of Mr. Lee, are lighted with the gas from coal. The 
total quantity of light used during the hours of burning, has 
been ascertained, by a comparison of shadows, to be about 
equal to the light which 2500 mould candles of six in the 
pound would give; each of the candles, with which the com¬ 
parison was made consuming at the rate of 4-ioths of an ounce 
(175 grains ) of tallow per hour. 

The quantity of light is necessarily liable to some variation, 
from the difficulty of adjusting all the flames, so as to be 
perfectly equal at all times; but the admirable precision and 
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exactness with which the business of this mill is conducted, 
afforded as excellent an opportunity of making the compara¬ 
tive trials I had in view, as is perhaps likely to be ever obtained 
in general practice. And the experiments being made upon 
so large a scale, and for a considerable period of time, may, I 
think, be assumed as a sufficiently accurate standard for de¬ 
termining the advantages to be expected from the use of the 
gas lights under favourable circumstances. 

It is not my intention, in the present Paper, to enter into a 
particular description of the apparatus employed for producing 
the gas ; but I may observe generally, that the coal is distilled 
in large iron retorts, which during the winter season are kept 
constantly at work, except during the intervals of charging; 
and that the gas, as it rises from them, is conveyed by iron 
pipes into large reservoirs, or gazometers, where it is washed 
and purified, previous to its being conveyed through other pipes, 
called mains, to the mill. These mains branch off'into a variety 
of ramifications (forming a total length of several miles), 
and diminish in size, as the quantity of gas required to be 
passed through them becomes less. The burners, where the 
gas is consumed, are connected with the above mains, by short 
tubes, each of which is furnished with a cock to regulate the 
admission of the gas to each burner, and to shut it totally off 
when requisite. This latter operation may likewise be instan¬ 
taneously performed, throughout the whole of the burners in 
each room, by turning a cock, with which each main is pro¬ 
vided, near its entrance into the room. 

The burners are of two kinds: the one is upon the prin¬ 
ciple of the Argand lamp, and resembles it in appearance; 
the other is a small curved tube with a conical end, having 
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three circular apertures or perforations, of about a thirtieth of 
an inch in diameter, one at the point of the cone, and two 
lateral ones, through which the gas issues, forming three 
divergent jets of flame, somewhat like a fleur-de-lis. The 
shape and general appearance of this tube, has procured it 
among the workmen, the name of the cockspur burner. 

The number of burners employed in all the buildings, 
amounts to 271 Argands, and 633 cockspurs; each of the 
former giving a light equal to that of four candles of the de¬ 
scription abovementioned ; and each of the latter, a light equal 
to two and a quarter of the same candles; making therefore 
the total of the gas light a little more than equal to that of 
2500 candles. When thus regulated, the whole of the above 
burners require an hourly supply of 1250 cubic feet of the 
gas produced from cannel coal; the superior quality and quan¬ 
tity of the gas produced from that material having given it 
a decided preference in this situation, over every other coal, 
notwithstanding its higher price. 

The time during which the gas light is used, may, upon an 
average of the whole year, be stated at least at two hours per 
day of twenty-four hours. In some mills, where there is over 
work, it will be three hours; and in the few where night- 
work is still continued, nearly twelve hours. But taking two 
hours per day as the common average throughout the year, 
the consumption in Messrs. Philips’ and Lee’s mill, will be 
1250 x 2 = 2500 cubic feet of gas per day; to produce which, 
seven hundred weight of cannel coal is required in the retort. 
The price of the best Wigan cannel (the sort used) is 13^/. 
per cwt. (225. 6 d. per ton), delivered at the mill, or say about 
eight shillings for the seven hundred weight. Multiplying by 
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the number of working days in the year (313), the annual 
consumption of cannel will be 110 tons, and its cost £ 125, 

About one-third of the above quantity, or say forty tons of 
good common coal, value ten shillings per ton, is required 
for fuel to heat the retorts; the annual amount of which is 

£20. 

The 110 tons of cannel coal when distilled, produce about 
70 tons of good coak, which is sold upon the spot at is. 4 d. 
per cwt. and will therefore amount annually to the sum of 
£9S- 

The quantity of tar produced from each ton of cannel coal 
is from eleven to twelve ale gallons, making a total annual 
produce of about 1250 ale gallons, which not having been 
yet sold, I cannot determine its value ; but whenever it comes 
to be manufactured in large quantities, it cannot be such as 
materially to influence the economical statement, unless indeed 
new applications of it should be discovered. 

The quantity of aqueous fluid which came over in the course 
of the observations which I am now giving an account of, was 
not exactly ascertained, from some springs having got into 
the reservoir; and as it has not been yet applied to any 
useful purpose, I may omit further notice of it in this state¬ 
ment. 

The interest of the capital expended in the necessary appa¬ 
ratus and buildings, together with what is considered as an 
ample allowance for wear and tear, is stated by Mr. Lee at 
about £550. per annum: in which some allowance is made 
for this apparatus being made upon a scale adequate to the 
supply of a still greater quantity of light, than he has occasion 
to make use of. 
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He is of opinion, that the cost of attendance upon candles 
would be as much, if not more, than upon the gas apparatus ; 
so that in forming the comparison, nothing need be stated upon 
that score, on either side. 

The economical statement for one year then stands thus: 
Cost of no tons of cannel coal - £ 125. 

Ditto of 40 tons of common ditto - 20 

145 

Deduct the value of 70 tons of coak - 93 

The annual expenditure in coal, after deducting 
the value of the coak, and without allowing 
any thing for the tar, is therefore - 52 

And the interest of capital, and wear and tear of 
apparatus - 550 

making the total ex pence of the gas apparatus, about £600. 
per annum. 

That of candles, to give the same light, would be about£2ooo. 
For each candle consuming at the rate of 4-ioths of an ounce 
of tallow per hour, the 2500 candles burning upon an average 
of the year two hours per day, would, at one shilling per 
pound, the present price, amount to nearly the sum of money 
abovementioned. 

If the comparison were made upon an average of three 
hours per day, the advantage would be still more in favour 
of the gas light; the interest of the capital, and wear and tear 
of the apparatus continuing nearly the same as in the former 
case; thus, 

12 5° x 3 = 3750 cubic feet of gas per day, which would 
be produced by 10J cwt. of cannel coals; this multiplied by the 
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number of working days, gives 168 tons per annum, which 
valued as before, amounts to - £188. 

And 60 tons common coal for burning under 
the retorts, will amount to -30 

218 

Deduct 105 tons of coak at 2 6s. 8 d. *- 140 

Leaving the expenditure in coal, after deduction 
of the coak, and without allowance for the 
tar, at - 78 

Adding to which the interest and wear and tear of apparatus, 
as before, the total annual cost will not be more than £650. 
whilst that of tallow, rated as before, will be £3000. 

It will readily occur, that the greater number of hours the 
gas is burnt, the greater will be its comparative economy; 
although in extending it beyond three hours, an increase of 
some parts of the apparatus would be necessary. 

If the economical comparison were made with oils, the ad¬ 
vantages would be less than with tallow. 

The introduction of this species of light into the establish¬ 
ment of Messrs. Philips and Lee, has been gradual; begin¬ 
ning in the year 1805, with, two rooms of the mill, the counting- 
houses, and Mr. Lee’s dwelling-house. After which, it was 
extended through the whole manufactory, as expeditiously as 
the apparatus could be prepared. 

At first, some inconvenience was experienced from the smell 
of the unconsumed, or imperfectly purified gas, which may in 
a great measure be attributed to the introduction of successive 
improvements in the construction of the apparatus, as the work 
proceeded. But since its completion, and since the persons to 
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whose care it is confided, have become familiar with its ma¬ 
nagement, this inconvenience has been obviated, not only in 
the mill, but also in Mr. Lee’s house, which is most brilliantly 
illuminated with it, to the exclusion of every other species of 
artificial light. 

The peculiar softness and clearness of this light, with its 
almost unvarying intensity, have brought it into great favour 
with the work people. And its being free from the inconve¬ 
nience and danger, resulting from the sparks and frequent 
snuffing of candles, is a circumstance of material importance, 
as tending to diminish the hazard of fire, to which cotton mills 
are known to be much exposed. 

The above particulars, it is conceived, contain such informa¬ 
tion, as may tend to illustrate the general advantages attend¬ 
ing the use of the gas light; but nevertheless the Royal 
Society may perhaps not deem it uninteresting to be apprized 
of the circumstances w'hich originally gave rise in my mind 
to its application, as an economical substitute for oils and 
tallow. 

It is now nearly sixteen years, since, in a course of expe¬ 
riments I was making at Redruth in Cornwall, upon the quan¬ 
tities and qualities of the gases produced by distillation from 
different mineral and vegetable substances, I was induced by 
some observations I had previously made upon the burning 
of coal, to try the combustible property of the gases produced 
from it, as well as from peat, wood, and other inflammable 
substances. And being struck with the great quantities of gas 
which they afforded, as well as with the brilliancy of the light, 
and the facility of its production, I instituted several experi¬ 
ments with a view of ascertaining the cost at which it might 
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be obtained, compared with that of equal quantities of light 
yielded by oils and tallow. 

My apparatus consisted of an iron retort, with tinned copper 
and iron tubes through which the gas was conducted to a 
considerable distance; and there, as well as at intermediate 
points, was burned through apertures of varied forrqs and di¬ 
mensions. The experiments were made upon coal of different 
qualities, which I procured from distant parts of the kingdom, 
for the purpose of ascertaining which would give the most 
economical results. The gas was also washed with water, and 
other means were employed to purify it. 

In the year 1798, I removed from Cornwall to Messrs. 
Boulton, Watt, and Co's, works for the manufactory of 
steam engines at the Soho Foundry, and there I constructed 
an apparatus upon a larger scale, which during many succes¬ 
sive nights was applied to the lighting of their principal build¬ 
ing, and various new methods were practised, of washing and 
purifying the gas. 

These experiments were continued with some interruptions, 
until the peace of 1802, when a public display of this light 
was made by me in the illumination of Mr. Boulton's manu¬ 
factory at Soho, upon that occasion. 

Since that period, I have, under the sanction of Messrs. 
Boulton, Watt, and Co. extended the apparatus at Soho 
Foundry, so as to give light to all the principal shops, where 
it is in regular use, to the exclusion of other artificial light; 
but I have preferred giving the results from Messrs. Philips' 
and Lee's apparatus, both on account of its greater extent, 
and the greater uniformity of the lights, which rendered the 
comparison with candles less difficult. 

$2 
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At the time I commenced my experiments, I was certainly 
unacquainted with the circumstance of the gas from coal hav¬ 
ing been observed by others to be capable of combustion ; but 
I am since informed, that the current of gas escaping from 
Lord Dundonald’s tar ovens had been frequently fired; and 
I find that Dr. Clayton, in a Paper in Volume XLI. of the 
Transactions of the Royal Society, so long ago as the year 
1739, gave an account of some observations and experiments 
made by him, which clearly manifest his knowledge of the 
inflammable property of the gas, which he denominates “ the 
spirit of coals but the idea of applying it as an economical 
substitute for oils and tallow, does not appear to have occurred 
to this gentleman, and I believe I may, without presuming 
too much, claim both the first idea of applying, and the first 
actual application of this gas to economical purposes. 
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XI. Further Experiments on the Spleen . By Everard Home, 
Esq. F. R. S. 

Read February 25, 1808. 

The results of the experiments already brought forward 
having established the fact that fluids received into the sto¬ 
mach, when the pylorus is closed, pass through the spleen 
into the circulation of the blood ; it became an object to de¬ 
termine, by experiment, whether this takes place when the 
parts are in a natural state. 

The ass appeared, on many accounts, the best subject for 
this purpose, and as it is made use of to teach the veterinary 
pupils the anatomy of that tribe of animals, I applied to the 
Professor for permission to make my experiments in the 
theatre of the college. 

This was granted me in the most obliging manner; the 
subjects were also supplied by the College, and Mr. Sewell, 
the assistant Professor, gave me his personal aid with a de¬ 
gree of zeal and ability I have rarely met with, and have 
much pleasure in acknowledging. 

In making the following experiments, I had the assistance 
of Mr. Sewell, Mr. Brodie, Mr. William Brande, and Mr. 
Clift. 

Experiment 1. An ass, which had been kept twenty-four 
hours without hay, to prevent the liquor that was to be poured 
into its stomach from being soaked up and retained there, on 
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the evening of the 3d of December, 1807, had a drench given 
it, consisting of half a pint of the spirituous tincture of rhu¬ 
barb, diluted in half a pint of water. On the morning of the 
4th, this was repeated at eight o'clock, and again at twelve. 
At two o'clock the animal was pithed, so as to destroy its sen¬ 
sibility, and before the circulation was entirely stopped, six 
ounces of blood were taken from the splenic vein into a 
graduated glass measure, and a similar quantity was taken 
from the left auricle of the heart, into a vessel of the same 
kind : these were allowed to coagulate and separate their 
serum. 

The spleen was large and turgid; upon making sections of 
it, the cells were found to be very numerous ; and towards the 
great end and near the edge, they were particularly distinct 
to the naked eye. The cut surface had a strong smell of 
rhubarb, and when it was applied to white paper wetted with 
the alkaline test, an orange tinge was produced. This was 
strongly contrasted by a stain made in the same manner with 
a section of the liver, which had no such tinge, nor did the liver 
give the slightest smell of rhubarb. 

Infusions were made of the spleen and liver under similar 
circumstances; these were strained off into separate glasses, 
and tested by the alkali. The urine was tested in the same 
way. The serum, from the different portions of blood, was 
also poured off into separate glass vessels, to which the test 
was added. In nineteen hours after the blood had been taken 
from the veins, they were all compared together. The urine 
had so deep a tinge, that it nearly resembled the pure tincture 
of rhubarb in appearance; the others had a tinge, although in 
very different degrees ; the quantity of rhubarb they contained 
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was estimated by adding tincture of rhubarb to alkaline water 
so as to produce corresponding tints. The infusion of spleen 
had a tint equal to sixty drops of tincture of rhubarb in two 
ounces of alkaline water: the serum of the splenic vein to 
fifteen drops: the serum from the left auricle of the heart, 
to three drops. The infusion of the liver gave no orange 
tinge, but had it not been obscured by the red particles of 
the blood, it must have been equal to that of the serum from 
the auricle. 

The connecting membrane between the stomach and spleen 
was attentively examined, very few absorbent vessels were 
seen, and these were not in a turgid state, they were traced 
to the chain of glands situated near the edge of the spleen, 
which receive the absorbents of the stomach, but none were 
detected passing beyond the glands, nor did the glands admit 
quicksilver to pass through them towards the spleen. 

Exp. 2. The former experiment was repeated upon another 
ass, with similar results, but less strongly marked ; the cause 
of this difference was explained by the abdominal viscera being 
in an inflamed state. 

The urine was less impregnated with rhubarb, the infusion 
of the spleen had a lighter tinge, and the serum of the splenic 
vein had it in a still less degree ; but evidently exceeding that 
of the serum from the vena cava inferior opened just below 
the diaphragm, which was substituted for the left auricle of 
the heart, with a view to vary the experiment. 

Exp. 3. The same experiment was made on a third ass 
with similar results. 

Exp. 4. An ass that had been kept four days without water, 
and two without solid food, on the evening of the 8th of 
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January, 1808, had a ball given it, containing half an ounce of 
powdered rhubarb; on the 9th, at seven o'clock in the morn¬ 
ing, this was repeated ; a third was given at nine o'clock, and 
a fourth at twelve. At two o'clock the ass was pithed, and 
four ounces of blood were taken from the splenic vein, and 
the same quantity from the left auricle of the heart. 

The spleen was found contracted to half the size of those 
in the former experiments; when cut into the cells were small, 
and it required a magnifying glass to see them distinctly. 
The substance was compact, and bore a near resemblance to 
a portion of liver; so that in this state the blood vessels, 
particularly the veins, must have been much contracted in 
their diameters. 

The stomach contained about two ounces and a half of a 
gelatinous substance mixed with rhubarb, the small intestines 
were nearly empty, but the caecum and colon contained seve¬ 
ral quarts of water, in which the rhubarb was more evident 
both to the sight and smell, than in the stomach. 

The absorbent glands upon the edge of the colon were 
ranged in two rows, one on each side of the great vein, and 
were exceedingly numerous. In the space between these rows 
of glands, in some places twenty trunks of absorbent vessels 
could be readily counted, of a very large size. 

The urine was impregnated with rhubarb, so as to acquire 
an orange tinge from the addition of the test; but the infusion 
of the spleen, and the serum of the different portions of blood, 
did not contain it in sufficient quantity to have the colour 
heightened by alkali. 

Exp. 5. The last experiment was repeated upon another 
ass. Two ounces of blood were taken from the splenic vein. 
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two from the large vein of the colon, and two from the infe¬ 
rior vena cava in the lower part of the loins. 

The spleen had the same appearance as in the last experi¬ 
ment. 

The stomach contained nearly a pint of moderately solid 
contents, in which the rhubarb was very evident. The small 
intestines were nearly empty; but the cascum and beginning 
of the colon contained several quarts of liquid, strongly im¬ 
pregnated with rhubarb. 

The absorbent glands and vessels had the same appearance 
as in the former experiment. 

The urine when tested was found impregnated with rhu¬ 
barb. 

The portions of serum of the blood taken from these dif¬ 
ferent veins, when tested by the alkali, appeared to be very 
much alike ; at least that from the splenic vein was not more 
tinged than the others. 

Exp. 6 . Having been informed by Mr. Sewell, that spi¬ 
rituous liquors given in large quantities to horses, produce 
inflammation of the brain, and sometimes death, and this in¬ 
formation having been in some measure confirmed by an ass 
in a weakly state, that had taken half ,a pint of the spirituous 
tincture of rhubarb in the evening, dying in the night, I thought 
it right to make a comparative experiment with the infusion 
of rhubarb, to determine whether the result would be the 
same as with the tincture. 

February 9,1808. An ass had a pint of infusion of rhubarb 
given to it in the evening; the same dose was repeated at six 
o'clock in the morning of the 10th ; and again at nine o'clock, 
and at twelve. At two o'clock the animal was pithed, and two 
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ounces of blood were taken from the splenic vein, two from 
the vein of the colon, and two from the inferior vena cava in 
the lower part of the loins. 

The spleen was found turgid, and large; when the cut 
surface was rubbed on white paper, the orange tint was very 
evident without any test applied to it, particularly so, when 
compared with a similar stain made by a section of the liver, 
in which there was no such tinge. 

In the stomach and duodenum, the rhubarb was found in 
large quantities; but none was met with in the caecum. 

The urine was impregnated with rhubarb, the orange tint 
upon the application of the alkali being very distinct. 

At the end of twenty hours, the serum of the splenic vein 
had a tinge equal to four drops of the tincture of rhubarb in 
two ounces of alkaline water; that of the vein of the colon 
and vena cava was less distinct. 

The effects of the infusion of rhubarb on the spleen, the 
serum of the blood and the urine corresponded exactly with 
that of the tincture in the former experiments, but was in a 
less degree of intensity. 

In the course of these experiments, an attempt was made 
to ascertain whether the blood in the splenic vein has a greater 
proportion of serum than in the other veins of the body, and 
the general results were in favour of such an opinion; but it 
will appear, fom what follows, that the quantity of serum 
separated in twenty-four hours, is by no means a just criterion 
of the proportion, which the blood contains. 

Experiment 1. Three ounces of blood from the arm of a 
healthy person were received into a graduated glass vessel, 
previously cooled to the temperature of 3s 0 , three more into 
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a second glass of the temperature of 50°, and three into a 
third at 70°. The three glasses were brought into a room, the 
temperature of which varied from 40° to 50°. At the end of 
nineteen hours, the serum was found in the following quan¬ 
tities. 

In the glass at 32 0 g drams. 

5 °° 11 
70° 10 

The blood did not flow so freely into the glass at the highest 
temperature, as into the other two. 

Exp. 2. This experiment was repeated, and the serum ex¬ 
amined at the end of forty-three hours. 

In the glass at 32 0 12 drams. 

5 °° 12 

7 °° 13 

Exp. 3. It was repeated, and the serum examined at the 
end of 67 hours. 

In the glass at 32* 11 drams. 

5°° ni 
70° ill 

Exp. 4. It was repeated, and the serum measured at the 
end of ninety hours. 

In the glass at 32 0 11^-drams. 

70 * ioi 

The blood did not flow so readily into the glass at the highest 
temperature as into the other two. 

From these experiments, it appears that the serum separates 
in larger quantity, when the blood is received into a vessel at 
the temperature of 70 degrees, than at 50° or 32°: this, how- 
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ever, is prevented from taking place by the blood not flowing 
readily from the vein. 

From the experiments on the spleen contained in this, and 
the foregoing Paper, the following facts appear to have been 
ascertained. 

That the spleen is met with in two very different states, 
one which may be termed the distended, the other the con¬ 
tracted, and that in the one its size is double what it is in the 
other. In the distended state there is a distinct appearance of 
celk containing a limpid fluid, distinguishable by the naked 
eye ; in the contracted, these only become distinct when seen 
through a magnifying glass. The distended state takes place 
when the stomach has received unusual quantities of liquids 
before the animal's death; and the contracted state, when 
the animal has been kept several days without any drink be¬ 
fore the spleen is examined. 

That the trunk of the splenic vein (of the hog) is more 
than five times the size of the trunk of the splenic artery. 

That when the pylorus is . secured, coloured liquids pass 
from the cardiac portion of the stomach into the circulation of 
the blood, and go off by the urine; and while this is going on, 
the spleen is in its most distended state, and the colouring 
matter is found in its juices, although it is not to be detected 
in those of the liver. The colouring piatter cannot therefore 
be conveyed to the spleen through the common absorbents 
of the stomach, which lead to the thoracic duct. 

That when the pylorus is open, the colouring matter under 
the circumstances abovementioned is equally detected in the 
spleen. 

That when the spleen is in this state, the blood in the splenic 
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vein has its serum more strongly impregnated with the co¬ 
louring matter, than that of the blood in the other veins of 
the body; and when the stomach is kept without liquids, al¬ 
though colouring matter is carried into the system from the 
intestinal canal by the ordinary channels, no particular evi¬ 
dence of it is met with in the spleen or its veins. 

That the caecum and the portion of the colon immediately 
beyond it, is found (in the ass) to be at all times filled with 
liquids, even when none has been received into the sto¬ 
mach for several days, and there is a greater number of ab¬ 
sorbent vessels for carrying liquids from the colon into the 
thoracic duct, than from any other part of the body. The 
colon is therefore a reservoir, from which the blood vessels 
are occasionally supplied with liquids. 

Mr. Sewell informs me, that the same observation applies 
in a still greater degree to the horse. 

That coloured liquids taken into the human stomach, under 
some circumstances, begin to pass off by urine in seventeen 
minutes, continue to do so for some hours, and then dis¬ 
appear ; they are again met with in the urine, after the 
colouring matter is known to have arrived at the great intes¬ 
tines, by its passing off by the bowels. 

From the above facts, the following conclusions may be 
drawn. 

That the liquids received into the stomach beyond what 
are employed for digestion, are not wholly carried out of it by 
the common absorbents of the stomach, or the canal of the 
intestines, but are partly conveyed through the medium of 
the spleen into the circulation of the liver. 

The vessels which communicate between the stomach and 
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-the spleen have not been discovered; but if it is proved that 
the colouring matter of the contents of the stomach, is met 
with in greater quantity in the spleen and in the vein which 
goes from that organ to the liver, than in the other veins of 
the body, there appears to be no other mode in which it can 
arrive there, but by means of such vessels ; and the two diffe¬ 
rent states of the spleen, which correspond with the quantities 
of liquids that pass from the stomach, are strongly in favour 
of the existence of such a channel. 

This communication between the cardiac portion of the sto¬ 
mach, and the spleen, will explain the circumstance of those 
who are in the habit of drinking spirituous liquors having the 
spleen and liver so frequently diseased, and the diseases of 
both organs being of the same kind. 

This organ is not essential to life, its office being of a se¬ 
condary kind; but when it is materially diseased, or entirely 
removed, digestion must be disturbed. The extent to which 
this takes place, cannot be accurately known from experi¬ 
ments on quadrupeds, and the instances in which the human 
spleen has been removed have not been attended to with 
sufficient accuracy to afford an explanation of the effects that 
were produced on the stomach. 
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40 

5* 

*9,56 

63 


WNW 

I 

Cloudy, 


44 

* 

O 

44 

54 


57 


NW 

l 

Fair, 

>9 

34 

8 

O 

34 

5° 

29,7© 

63 


w 

I 

Fair. 


47 

35 

a 

43 

53 

29,54 

6© 


SsE 

I 

Cloudy, 

2Q 

36 

8 

© 

36 

5* 

29,04 

64 

0,200 

sw 

I 

Fair, 


44 

S 

© 

43 

S3 

29,08 

62 


wsw 

I 

Cloudy. 

21 

35 

8 

0 

37 

5* 

29.04 

63 


SE 

I 

Cloudy, 


43 

# 

© 

43 

5? 

28,85 

62 


K 


Cloudy, 

*2 

35 

8 

© 

37 

5^ 

*9’33 

5s 


sw 


Cloudy, 


39 

f 

0 

39 

5* 

*9’»7 

65 


E 


Rain. 

23 

36 

8 

0 

3& 

5* 


64 

©,140 

SW 

I 

Fair. 


43 

a 

Q 

43 

53 

29,71 

60 


NW 

I 

Cloudy, 

H 

36 

8 

Q 

37 

51 

3^*3 

6 J 


NW 

I 

Fair. 

! 

45 - 

s 

V 

45 

S3 

JO,22 

6 q 


N 

I 

Fair. 

>5 

go 

8 

Q 

3* 

$0 

3 °i 4-6 

6 t 


NW 

I 

.Fair. 


4© 

* 

a 

40 

$t 

3®»47 

6 s 


WNW 

1 

Fair, 

26 

28 

8 

© 

*9 

48 

30,31 

^4 


WNW 

I 

Fair. 


43 

31 

© 

40 

5© 

3©'S©. 

f! 


WSW 

J 

Cloudy. 

*7 

40 

8 

© 

4* 

48 

39.50; 

66 


N 

I 

Cloudy. 

1 

45 

s 

© 

45 

S3 

30,54 

|8 


NE 

l 

Fine. 

*8 

36 

8 

© I 

36 

5° 

30,64 

64 


! NE 

1 

Cloudy, 

: 

43 

s 

© 

43 

53 

3©,60 

60 


NNW 


Cloudy. 

s>9 

34 

8 

© 

34 

$0 

3©>43 

fs 


iWNW 


Cloudy, 


4* 

3 

© 

4* 

S3 

3®*3^ 

64 


1 NW ; 


Cloudy, 

3© 

3* 

8 

© 

58 

5© j 

3©.H 



| W 

I 

Cloudy, 


41 

£ 

© 

41 

S3 1 

30,03 1 

60 


j ssw 

I 

Cbudy. 

3* 

39 

8 

© 

39 

50 

29,81 

6 a 


I sw 


Cloudy, 


44 

£ 

© 

44 

S3 j 

29,03 j 

58 


ssw 


Fine, 


a s 



METEOROLOGICAL JOURNAL 

for February, 1807. 


1807 

Six’s 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

Without. 

Therm 

within. 

Barom. 

Hy- 

Rain. 

Winds. 

Weathei. 

H. M. 

0 

O 

Inches. 

L ei. 

Inches. 

Points. 

Str 

Feb. 1 

O 

3 2 

7 

0 

3 2 

5 ° 

29.50 

0 

62 


NE 

2 

Snow. 


38 

2 

0 

38 

5 i 

29,70 

62 


N£ 

2 

Cloudy. 

2 

25 

7 

0 

25 

48 

29/70 

61 


SW 

1 

Fair. 


41 

2 

0 

40 

5 ° 

2 9 > 3 ° 

60 


s 

2 

Cloudy. 

3 

3 2 

7 

0 

32 

48 

28,98 

S5 

°>395 

wsw 

1 

Cloudy. 


40 

2 

0 

40 

53 

29,07 

60 


w 

I 

Fair. 

4 

35 

7 

0 

35 

48 

29,25 

62 


SW 

I 

Cloudy. 


40 

2 

0 

40 

5 1 

29,24 

6 3 


s 

1 

Cloudy. 

5 

35 ‘ 

7 

0 

38 

48 

29,27 

68 


ssw 

I 

Rain. 


45 

2 

0 

43 

52 

2 9 > 3 ! 

57 


WNW 

I 

Cloudy. 

6 

35 

7 

0 

3 b 

49 

29,44 

64 

CO 

0 

0 

SW 

I 

Fair. 


47 

2 

0 

45 

52 

29,51 

56 


w 

I 

Cloudy. 

7 

35 

7 

0 

36 

5 ° 

29,65 

60 


w 

1 

Fair. 


44 

2 

0 

44 

52 

29,88 

55 


NE 

1 

Fine. 

8 

3 b 

7 

0 

39 

5 ° 

29,83 

63 

0,060 

S 

2 

Rain. 


46 

2 

0 

46 

52 

29,56 

66 


S 

2 

Rain. 

9 

42 

7 

0 

48 

5 ° 

29,61 

67 

0,080 

SW 

I 

Cloudy. 


52 

2 

0 

52 

54 

29,48 

67 


wsw 

2 

Cloudy. 

10 

4 i 

7 

o_ 

4 i 

5 ° 

29,60 

57 

0,160 

WNW 

2 

Fair. 

j 

49 

2 

0 

48 

55 

29,83 

5 1 


NW 1 

2 

Fair. 

! ** 

45 

7 

0 

5 i 

53 

2 9>74 

65 

0,02 2 

WSW 

2 

Cloudy. 


57 

; 2 

0 

56 

5 b 

29,84 

60 


WSW 

2 

Fair. 

12 

S 2 

i 7 

0 

52 

1 55 

30,05 

60 


WbW 

2 

Cloudy. 


57 

2 

0 

57 

57 

3°> 1 7 

55 


WSW 

1 

Cloudy. 

13 

46 

7 

0 

46 

56 

3 o.H 

62 


S 

2 

Cloudy. 


53 

2 

0 

53 

57 

30,07 

58 


SSW 

2 

Hazy. 

H 

47 

7 

0 

48 

57 

30,24 

65 


! SSW 

1 

Cloudy. 


54 

2 

0 

53 

59 

30,22 

58 


s 

I 

Fair. 


44 

7 

0 

i 44 

1 57 

30,11 

60 


1 s 

I 

Fine. 


! 55 

2 

0 

54 

58 

30,00 

55 


1 s 

I 

Fine. 

16 

46 

7 

0 

5 ° 

I 57 

2 9>94 

6 3 


! ssw 

I j 

Cloudy. 


54 

2 

0 

53 

1 58 

; 29,851 

62 


ssw i 

2 I 

Cloudy. 
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METEOROLOGICAL JOURNAL 


for February, 1807. 


1807 

Six’s 
Therm 
least anc 
greatest 
Heat 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hv- 

gro- 

Rain. 

Winds. 

| Weather. 

H. 

M 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

Feb. 17 

42 

7 

O 

42 

57 

29,80 

60 

0,022 

WNW 

1 

Cloudy. 


47 

2 

O 

47 

57 

29,66 

53 


WNW 

2 

jFair. 

18 

29 

7 

O 

29 

53 

z 9’54 

62 

0,060 

NE 

2 

jSnow. 


3 i 

2 

O 

3 * 

54 

29,67 

55 


NE 

2 

'Fair. 

»9 

26 

7 

O 

26 

5 1 

30,06 

58 


NE 

2 

SFine. 


3 + 

2 

O 

34 

54 

30,20 

53 


NE 

2 

iFair. 

20 

3 ° 

7 

O 

3 & 

5 Z 

30,22 

62 


SW 

I 

'Cloudy. 


47 

2 

O 

47 

54 

30,05 

56 


SW 

I 

Cloudy. 

21 

3 8 

7 

O 

38 

5 2 

29,80 

62 


wsw 

I 

Fair. 


47 

2 

O 

47 

55 

29,80 

53 


WNW 

I 

Cloudy. 

22 

43 

7 

O 

46 

5 2 

29,76 

6 3 


SW 

2 

Cloudy. 


5 ° 

2 

O 

5 ° 

55 

29,64 

5 « 


SW 

2 

Cloudy. 

2 3 

39 

7 

O 

39 

5 2 

2 9»74 

55 


wsw 

I 

Fair. 


45 

2 

O 

45 

56 ! 

29,85 

49 


WNW 

I 

Fine. 

24 

3 2 

7 

O 

3 2 

5 2 

29,94 

55 


WSW 

1 

Fine. 


46 

2 

O 

46 

55 

29,95 

5 o 


wsw 

I 

Hazy. 

2 5 

44 

7 

O 

5 1 

54 

29,59 

68 

0,225 

SW 

2 

Cloudy. 


57 

2 

O 

57 

56 i 

29,56 

60 


wsw 

I 

Cloudy. 

26 

3 8 

7 

O 

38 

54 

2 9»73 

62 


NE 

I 

Cloudy. 


42 

2 

O 

4 i 

55 

29,88 

5 J 


NNW 

I 1 

Cloudy. 

27 

1 2 9 

7 

O 

29 

53 

29,96 

53 


NW 

I 

Fine. 


38 

2 

O 

38 

54 

30,02 

54 


NW 

I 

Cloudy. 

28 

30 

7 

O 

33 

5 2 

30,41 

62 


NNE 

2 

Snow. 


39 

2 

O 

39 

54 

30,50 

60 


NNE 

2 

Fair. 






METEOROLOGICAL JOURNAL 

for March, 1807. 


1807 

Six’* 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Baram. 

Hy- 

gro- 

mc. 

Rain. 

Winds. 

Weather. 

H, 

M. 

© 

e 

Inches, 

Inches. 

Points, 

Str, 

Mar. 1 

ft 

3 * 

7 

O 

3 * 

5 * 

30,60 

<5 

64 


NE 

1 

Fair. 


43 

Z 

O 

41 

54 

30,60 

63 


NE 

I 

Cloudy. 

z 

37 

7 

O 

37 

5 * 

3®>55 

63 


NE 

1 

Cloudy, 


44 

z 

O 

44 

53 

30,50 

57 


NE 

I 

Cloudy. 

3 

38 

7 

O 

38 

Si 

30,23 

6? 


NE 

I 

Cloudy. 


43 

3 

O 

43 

53 

30,10 

60 


NE 

l 

Cloudy. 

4 

33 

7 

O 

33 

5 1 

29,90 

60 


NE 

I 

Cloudy, 


44 

z 

0 

43 

53 

29,85 

57 


NE 

2 

Cloudy, 

5 

25 

7 

0 

26 

49 

29,85 

57 


NE 

2 

Cloudy, 


35 

% 

0 

35 

53 

29,87 

54 


NE 

2 

Cloudy. 

6 

36 

7 

0 

z 6 

49 

29,91 

56 


NW 

2 

Fine, 


38 

z 

0 

37 

S 3 

29,80 

48 


NW 

I 

Cloudy. 

7 

29 

7 

0 

30 

49 

29,86 

h 


NE 

I 

Snow, 


4 * 

z 

0 

4 * 

53 

29,97 

57 


NE 

2 

Fair, 

8 

3 * 

7 

0 

34 

49 

29,90 

60 


SW 

I 

Cloudy. 


47 

z 

0 

46 

52 

29,64 

57 


sw 

I 

Cloudy. 

9 

3 6 

7 

0 

37 

49 

3 9,35 

64 

<M 9 S 

NE 

2 

Rain, 


4 1 

z 

0 

39 

S 3 

* 9,49 

64 


NE 

2 

Rain. 

10 

33 

7 

0 

34 

48 

*9,98 

6o 


NF. 

2 

Fair. 


41 

2 

0 

38 

5 * 

30*03 

5* 


NE 

% 

Snow, 

n 

3 l 

7 

0 

33 

48 

30,14 

60 


NE 

3 

Cloudy. 


39 

2 

0 

37 

50 

30,14 

57 


NE 

2 

S!§et. 

12 

35 

7 

0 

35 

47 

30,26 

55 


NNE 

2 

Cloudy, 


45 

2 

0 

43 

5 * 

30,26 

5 ! 


NE 

I 

Cloudy, 

*3 

37 

7 

0 

38 

48 

30,19 

56 


NE 

I 

Cloudy, 


45 

2 

0 

38 

5 * 

30*17 

53 


NNE 

I 

Cloudy, 


35 

7 

0 

37 

48 

30,1s 

6i 


NNE 

2 

Cloudy, 


45 

2 

0 

4 * 

5 * 

30,07 

5 ^ 


NNE 

2 

Cloudy, 

*5 

35 

7 

0 

36 

47 

*9,96 

57 


N 

I 

Cloudy, 


41 

2 

0 

40 

49 

29,98 

48 


NNE 

l 

Fine. 

j6 

27 

7 

0 

30 

44 1 

29,94 

55 j 


NNW 

2 ! 

Cloudy, 


40 

z 

0 

39 

48 i 

29,50 

iU 


W 

2 

Cloudy, 
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METEOROLOGICAL JOURNAL 

for March, 1807. 

1807 

Six’s 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me¬ 

ter. 

Rain. 

Winds. 

Weather. 

H. 

M. 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

Mar. 17 

29 

7 

O 

3 ° 

44 

29,45 

57 


NNW 

2 

Fine. 


40 

2 

O 

37 

47 

29,52 

52 


NNE 

2 

Fine. 

18 

3 6 

7 

O 

42 

45 

2 9»34 

61 


WNW 

2 

Fine, 


52 

2 

O 

44 

49 

29,29 

56 


WNW 

2 

Cloudy. 

J 9 

35 

7 

O 

37 

45 

29»55 

57 


WSW 

2 

Hazy. 


5 2 

2 

O 

49 

5 i 

29,70 

46 


WSW 

2 

Cloudy. 

20 

34 

7 

O 

36 

49 

30,04 

53 


W 

1 

Hazy. 


5 ° 

2 

O 

50 

5 1 

30,05 

45 


WNW 

2 

Fine. 

21 

39 

7 

O 

42 

49 

30,18 

63 


NW 

1 

Cloudy. 


55 

2 

O 

50 

52 

30*23 

56 


NW 

1 

Cloudy. 

22 

42 

7 

O 

44 

50 

30,49 

61 


SSE 

1 

Cloudy. 


55 

2 

O 

53 

54 

30*49 

52 


E 

1 

Fine. 

2 3 

37 

7 

O 

40 

5 o 

30,49 

57 


NE 

2 

Fair. 


53 

2 

O 

44 

53 

30,49 

45 


SE 

1 

Fine. 

24 

33 

7 

O 

35 

49 

3 o *47 

55 


NE 

2 

Fair. 


44 

2 

O 

44 

52 

30,46 

48 


NE 

1 

Fine. 

25 

32 

7 

O 

3 6 

49 

30,34 

54 


NE 

1 

Cloudy. 


44 

2 

O 

43 

: 51 

30,32 

S 3 


NE 

1 

Cloudy. 

26 

36 

7 

O 

37 

49 

30,25 

59 


NE 

1 

Cloudy. 


45 

2 

0 

42 

51 

30,15 

56 


NE 

1 

Cloudy. 

27 

39 

7 

O 

40 

50 

29,87 

61 


NE 

2 

Cloudy. 


44 

2 

O 

* 41 

5 * 

29* 8 5 

59 


NE 

2 

Hazy. 

28 

3 « 

7 

O 

39 

49 

29,76 

60 


NE 

1 

Cloudy. 


44 

2 

O 

4 2 

5° 

29,76 

56 


NE 

1 

Cloudy. 

29 

37 

7 

O 

40 

49 

29,70 

59 


NE 

1 

Cloudy. 


47 

2 

O 

44 

50 

2 9*75 

5 * 


NE 

2 

Cloudy. 

3 ° 

32 

7 

O 

34 

48 

29*83 

57 


NE 

1 

Hazy. 


45 

2 

O 

43 

49 

29,82 

45 


NE 

1 

Cloudy. 

31 

35 

7 

O 

36 

47 

29,69 

57 


NW 

1 

Snow. 


44 

2 

O 

43 

5 ° 

29,57 

59 


NW 

1 

Cloudy. 
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METEOROLOGICAL JOURNAL 

for April, 1807. 


1807 

Six’s 
Therm, 
east and 
greatest 
Heat. 

Time. 

Therm, 
without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

ter. 

Rain. 

Winds. 

Weather. 

H. M. 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

Apr. 1 

2 

3 

4 

5 

6 

7 

8 

9 

i° 

11 

: 

12 

13 

M 

J 5 

16 

34 

45 

3 2 

42 

3 1 

43 

3 * 

43 

3 2 

33 

53 

35 

54 

43 

59 

44 

64 

44 

63 

49 

56 

49 

60 

47 

60 

42 

42 

56 

• 40 

47 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

2 0 

7 0 

z 0 

7 0 

2 O 
7 O 
2 O 

7 0 

2 O 

7 0 

2 O 

3 6 

45 

34 

3 6 

3 2 

37 

3 2 

43 

40 

44 

40 

5 i 

37 

54 

46 

57 

46 

60 

46 

55 

49 

55 

5 ° 

57 

48 

57 

43 

55 

4 2 

48 

4 i 

45 

48 

5 ° 

47 

49 

47 

49 

47 

5 ° 

48 

5 ° 

48 

5 2 

5 ° 

54 

52 

55 

54 

59 

56 

58 

57 

60 

57 

60 

1 57 

1 61 

56 

60 

5 6 

5 s 

55 

58 

29,51 

29,58 

29,75 

29,80 

29,9 

2 9>97 

30,12 

3°> I 3 

30,20 

30,18 

30,16 

30,09 

30,08 

30,08 

3°> 2 3 

30,26 

3 °» 3 * 

30,26 

30,06 

29,92 

29,70 

29,60 

29,40 

2 9>39 

2 9>35 

29,30 

29,36 

29,36 

29,36 

2 9 ? 33 

29,52 

29,62 

O 

6 3 

58 

6t 

62 

51 

6l 

56 

55 

47 

59 

45 

54 

48 

61 

49 

59 
i 45 

5 2 
5 2 

60 

55 

54 

46 

58 
5 2 

59 
5 C 

62 
58 

55 
5 ° 

0,230 

O,) 90 

NNW 

NW 

NW 

NW 

NE 

NE 

NE 

NNE 

NNW 

NW 

WNW 

NW 

NW 

WNW 

NW 

NW 

NW 

NW 

NW 

NW 

NW 

W* 

sw 

sw 

SW" 

s 

sw 

sw 

NE 

NE 

NS 

N£ 

1 

1 

1 

2 

2 

2 

2 

1 

1 

2 

2 

2 

2 

I 

1 

1 

1 

1 

I 

1 

2 

2 

2 

2 

2 

1 

I 

1 

2 

2 

2 

Cloudy. 

Cloudy. 

Snow. 

Snow. 

Snow. 

Fair. 

Cloudy. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Cloudy. 

Hazy. 

Cloudy. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Cloudy.' 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Cloudy. 

Cloudy. 

Cloudy. 







Wcatier 


■ l 7 
j 8 

J 9 

20 

2 I 

22 

2 3 

2 4 

2 5 

26 

27 

28 

29 
3 ° 


33 

44 
3 1 

45 

31 
45 

3 2 
44 
32 
44 
54 
53 


£ 

50 

65 


47 

66 


48 
77 
55 
7 i 
54 
7 i 

49 
7 1 


7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

z 

7 

2 

7 

2 


7 

2 


M. 

0 

0 

Inches. 

*sr. 

Inches. 

Points. 

Str. 


O 

34 

54 

29,78 

55 


NE 

1 

Snow. 

O 

40 

57 

29,78 

5 « 


NE 

1 

Snow. 

O 

34 

53 

29,86 

55 


NE 

2 

Fair. 

O 

38 

57 

29«87 

50 


*TE 

2 

Fair. 

O 

36 

52 

29 * 9 8 

55 


NE 

2 

Fair. 

O 

44 

5 6 

30,00 

54 


NE 

, 2 

Snow. 

O 

37 

52 

30,18 

53 


NE 

2 

Fair. 

O 

43 

55 

30,20 

5 ° 


NE 

2 

Cloudy. 

O 

36 

5 * 

30,21 

5 ° 


NE 

1 

Cloudy. 

O 

43 

55 

3°**7 

48 


NE 

1 

Hazy. 

O 

38 

53 

29,92 

5 ° 


NE 

1 

Hazy. 

O 

5 i 

53 

29*92 

49 


SW 

1 

Hazy. 

O 

48 

52 

29*94 

57 

0,025 

sw 

X 

Cloudy. 

O 

60 

58 

29*95 

48 


SW 

I 

Fair. 

O 

5 i 

56 

30,08 

57 


sw 

I 

Cloudy. 

O 

62 

60 

30,06 

52 


sw 

I 

Cloudy. 

O 

1 Si 

58 

30,18 

63 j 


NNE 

1 

Cloudy. 

O 

| 64 

61 

30,17 

53 


NE 

I 

Cloudy, 

O 

53 

58 

30,26 ! 

52 | 


NNE 

I 

Fair. 

O 

66 

62 

30,24 1 

5 ° 


NE 

X 

Fair. 

O 

53 

60 

30,18 ' 

54 


ne ; 

1 

Pair. 

O 

77 

66 

30,10.42 


sw 

1 

Fine. 

O 

5 6 

63 

S 0 *^ i 57 


w 

1 

Cloudy. 

O 

70 

6 S 

30,15 

49 


w 

I 

Cloudy. 

O 

57 

63 

3 <>»i 3 

58 


NW 

I 

Cloudy. 

O 

68 

66 

30,07 , 

5 o 


NE 

1 

Hazy. 

O 

54 

64 

30,00 ■ 

58 


NE 

1 

Fair. 

O 

7 i 

67 

29.93,50 

j 


NE 

1 

Fair. 






C 3 


METEOROLOGICAL JOURNAL 

for May, 1807. 


1807 

*x.. 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

ter. 

Ram. 

Winds. 

Weather. 

H. 

M. 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

May 1 

0 

53 

7 

O 


6? 

29,85 

O 

58 


ENE 

1 

Pine. 


75 

2 

O 

75 

68 

29,80 

47 


W 

1 

Fine. 

2 

57 

7 

O 

60 

65 

29,80 

54 


ssw 

1 

Hazy. 


75 

2 

O 

75 

68 

29,78 

45 


NW 

1 

Hazy. 

3 

53 

7 

O 

56 

65 

29,78 

5 & 


sw 

1 

Hazy. 


76 

2 

O 

70 

67 

29,68 

43 


wsw 

1 

Fine. 

4 

5 1 

7 

O 

5 1 

64 

29,72 

61 


NE 

2 

Rain. 


59 

2 

O 

56 

66 

29,68 

57 


NE 

2 

Cloudy. 

5 

53 

7 

O 

53 

64 

29,45 

62 

0,290 

E 

1 

Cloudy. 


68 

2 

O 

67 

66 

29>34 

5 ° 


E 

1 

Hazy. 

6 

53 

7 

O 

54 

64 

29,10 

57 

0,135 

SVV 

2 

Cloudy. 


93 

2 

O 

62 

6 S 

29,03 

5 ° 


s 

2 

Cloudy. 

7 

5 1 

7 

O 

52 

62 

29,18 

54 


sw 

2 

Cloudy. 


58 

2 

O 

58 

64 

29,27 

54 


svv 

2 

Rain. 

8 

46 

7 

O 

48 

61 

29,7c 

5 6 

0,150 

w 

1 

Rain. 


59 

2 

O 

58 

64 

29,70 

53 


w 

2 

Cloudy. 

9 

52 

7 

O 

55 

61 

29,38 

65 

0,242 

s 

2 

[Rain. 


59 

2 

O 

59 

62 

29,35 

63 


1 s 

2 

Cloudy. 

10 ; 

49 

7 

O 

49 

60 

29,42 

63 

0,115 

! N 

2 

Rain. 


55 

2 

O 

5 1 

60 

29,57 

58 


NW 

2 

[Cloudy. 

11 

45 

7 

O 

48 

58 

29,87 

59 

t 0,200 

N 

1 

[Rain. 


57 

2 

O 

56 

60 

29,91 

55 


WSW 

1 

[Rain. 

1 2 

5 ° 

7 

O 

52 

58 

29,67 

6 5 

0,570 

sw 

2 

Rain. 


60 

2 

O 

59 

61 

29,57 

60 


sw 

2 

Cloudy. 

*3 

54 

7 

O 

55 

59 

! 29,54 

58 


w 

2 

Cloudy. 


64 

2 

O 

6 3 

61 

29,63 

53 


WNW 

2 

Cloudy. 


48 

7 

O 

5 ° 

59 

29,8l 

6 3 

0,265 

NNE 

I 

Rain. 


58 

z 

O 

57 

62 

29,72 

65 


WSW 

I 

Rain. 

*5 

54 

: 7 

O 

56 

61 

29,82 

66 

0,400 

SW 

I 

Cloudy. 


68 

2 

O 

67 

63 

29,85 

54 


SW 

I 

Cloudy. 

16 

49 

7 

O 

56 

61 

30,06 

55 

0,058 

WSW 

I 

Fair. 


67 

2 

O 

64 

62 

30,09 

5 i 


t w 

1 

Fair. 
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METEOROLOGICAL JOURNAL 

for May, 1807. 

1807 

Six’s 
Therm, 
east and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Th(*rm. 
within. 

Barom. 

Hy- 

gro- 

me- 

Rain. 

Winds. 

Weather. 

H. 

M. 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

May 17 

53 

7 

O 

56 

6l 

30,14 

0 

56 


sw 

2 

Cloudy. 


69 

2 

O 

66 

6 3 

3°» I 5 

45 


sw 

I 

Fair. 

18 

54 

7 

O 

60 

61 

30,27 

53 


ssw 

2 

Fine. 


7 2 

2 

O 

7 ° 

64 

30,28 

45 


NNE 

2 

Fine. 

l 9 

45 

7 

O 

5 ° 

61 

30,41 

5 2 


NE 

2 

Fai.% 


59 

2 

O 

59 

6 3 

30,39 

48 


NE 

2 

Fair. 

20 

46 

7 

O 

47 

59 

30,2Q 

53 


NE 

2 

Cloudy. 


6 3 

2 

O 

56 

61 

30,2 1 

5 1 


ENE 

2 

Fair. 

21 

48 

7 

O 

53 

60 

30,09 

57 


E 

2 

Fine. 


66 

2 

O 

6 5 

62 

30,10 

44 


E 

2 

Fine. 

22 

45 

7 

O 

5 ° 

60 

30,22 

55 


E 

2 

Fine. 


66 

2 

O 

65 

6 3 

30,22 

50 


E 

2 

Fine. 

2 3 

48 

7 

O 

55 

60 

30,21 

57 


E 

2 

Fine. 


72 

2 

O 

72 

63 

30,17 

45 


ENE 

2 

Fine. 

24 

55 

7 

O 

64 

62 

30,05 

55 


ESE 

2 

Fine. 


81 

z 

O 

79 

65 

29,99 

42 


SSE 

2 

Fine. 

25 

59 

7 

O 

67 

64 

29,82 

53 


NE 

X 

Fair. 


84 

2 

O 

83 

67 

29,77 

4 i 


NE 

I 

Fine. 

26 

60 

7 

O 

60 

66 

29,79 

53 


WSW 

2 

Cloudy. 


71 

2 

O 

7 1 

67 

29,78 

5 ° 


SW 

2 

Fair. 

27 

56 

7 

O 

58 

6 5 

29,86 j 

53 


NW 

2 

Cloudy. 


65 

2 

O 

65 

65 

2 9»95 I 

46 


NW | 

2 ! 

Fair. 

28 

5 ° 

7 

O 

52 

63 

2 9,97 I 

5 i 


WNW 

2 

F air. 


66 

2 

O 

65 

6 3 

29,87 

48 


WNW 

1 

Fair. 

29 

47 

7 

O 

5 ° 

62 

29,74 

53 


NE 

1 

Fair. 


60 

7 

O 

59 

6 3 

29,70 

5 1 


NE 

2 

Cloudy. 

30 

1 44 

7 

O 

44 

59 

29,69 

6 3 

0,186 

NNW 

2 

Rain. 


46 

7 

O 

45 

59 

29,68 

73 


NNE 

Z 

Rain. 

3 1 

45 

7 

O 

48 

58 

29,86 

55 

0,264 

ENE 

2 

Cloudy. 


54 

7 

O 

54 

59 

29,90 

53 


ENE 

2 

Cloudy. 


b 2 





C 3 


MliTEOgOLGQICAJL 

for J«ne 3 1807. 


Six’s 

Time. . 

Th^rm 

Therm. 

Earom. 

Hy- 

JBUia. 

Wind 




Therm. 



without. 

within. 


gro- 












me- 




Weather. 


greatest 






*er. 





Heat. 

H. 

M. 

0 

0 

Inches. 


Inches. 

Points. 

Str. 


June 1 

48 

7 

O 

50 

58 

29,89 

O 

72 

0,320 

ESE 

I 

Rain. 


5« 

2 

0 

57 

6l 

29,84 

53 


SE 


Cloudy. 

2 

48 

7 

O 

5 1 

59 

2 9*93 

62 

0,253 

wsw 

1 

Cloudy. 


62 

2 

O 

60 

61 

29,97 

54 


W 

1 

Cloudy. 

3 

5° 

7 

O 

54 

60 

30,02 

SB 


NE 

l 

Cloudy. 


61 

2 

O 

61 

62 

30,04 

51 


NNE 

1 

Fair. 

4 

48 

7 

O 

52 

59 

3°»>4 

57 


NE 

2 

Fair. 


64 

2 

O 

61 

61 

30,17 

50 


NE 

I 

Cloudy. 

5 

50 

7 

O 

53 

60 


61 


NE 

I 

Cloudy. 


67 

2 

O 

67 

61 

30,10 

47 


NE 

1 

Cloudy. 

6 

54 

7 

O 

54 

59 

29,98 

62 


NE 

I 

Cloudy. 


5* 

2 

O 

55 

61 

2 9*93 

61 


sw 

1 

Cloudy pghtninj 

7 

49 

7 

O 

5° 

59 

29,66 

6 5 

0*725 

NE 

I 

Rain. L dei!‘ U,u " 


5* 

2 

O 

58 

59 

29.70 

55 


NW 

2 

Cloudy. 

8 

5° 

7 

O 

5* 

59 

29* 6 4 

61 


NW 

I 

Cloudy. 


64 

2 

O 

64 

61 

29,66 

5° 


SW 

2 

Cloudy. 

9 

54 

7 

O 

55 

60 

29,76 

5 2 


sw 

2 

(Fair. 


66 

2 

O 

65 

61 

29,80 

43 


sw 

2 

Fair, 

10 

49 

7 

O 

53 

59 

30,04 

56 


wsw 

2 

Fair. ! 


6 5 

2 

O 

6 5 

61 

30,10 

49 


sw 

2 

Cloudy. ; 

11 

58 ! 

7 

O 

59 

60 

30*05 

6 3 

o>°54 

sw 

2 

Cloudy. 


68 j 

2 

O 

67 

62 1 

30,07 

55 


sw 

2 

Cloudy. 

12 

49 

7 

0 

5 1 

61 

30,18 

55 


wsw 

1 

Fair. 1 


67 

2 

0 

66 

62 

30,20 

43 

j 

w 

2 1 

Fair. 

*3 

5 1 

7 

0 

54 

60 

30,24 

55 


w 

2 

Fine. 


70 

2 

0 

69 

62 

30,26 

46 


SW j 

1 

Fair. 

14 

5 1 

7 

0 

55 

59 

30,16 

58 


w i 

1 

Cloudy, 


73 

2 

0 

73 

62 

30,10 

49 


wsw 


Fair. 

15 

5 2 

7 

0 

57 

59 

29,99 

5'- 


WSW; 

1 ; 

Fine. 


77 

2 

0 

76 

62 

2-9*9 2 

37 


s 


Fine. 

16 

56 

7 

0 ■ 

60 

62 j 

2 9*74 

49 


w ! 


Fair. 


76 

2 

O ; 

74 

65 1 

29,72 

44 1 

1 

sw 

2 i 

Fair. 



Os 3 


JVl£T£GROEQGfC4E JOURNAL 


for June, 1807. 


1807 

Six’s 
Therm 
least and 
greatest 
Heat 

Tunc. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

Ram. 

Winds. 

Weather. 

H. 

M. 

0 

O 

Inches. 

Inches. 

Points. 

Str. 

Jane 17 

5 ' 

7 

O 

54 

62 

29,96 

52 


WNW 

2 

Fair. 


70 

2 

O 

69 

64 

29,98 

43 


sw 

2 

Fair. 

18 

53 

7 

O 

55 

6 3 

30,06 

5 ° 


NNW 

2 

Fair. 


68 

2 

O 

67 

64 

30,10 

44 


NW 

2 

Fair. 

19 

5 1 

7 

O 

55 

6 3 

20,27 

51 


NNE 

1 

Fine. 


66 

2 

O 

6S 

6 3 

30,26 

44 


NW 

1 

Ciouciy. 

20 

52 

7 

O 

55 

62 

30,25 

5 ° 


NW 

1 

Fine. 


70 

2 

O 

68 

64 

30,22 

43 


W 

1 

Fair. 

21 

5 2 

7 

0 

56 

63 


5 ° 


NNE 

1 

Fine. 


73 

2 

O 

72 

64 

30,36 

42 


W 

1 

Fine. 

22 

55 

7 

O 

59 

64 

30,22 

49 


NW 

2 

Fine. 


73 

2 

0 

72 

66 

30,16 

47 


WNW 

2 

Fine. 

2 3 

57 

7 

O 

61 

65 

30,11 

5 ° 


NW 

2 

Fine. 


70 

2 

O 

69 

66 

30,14 

44 


N 

2 

Fair. 

24 

57 

7 

O 

60 

65 

30,03 

55 


NW 

2 

Cloudy. 


74 

2 

O 

74 

*7 

29,97 

46 


ssw 

2 

Fair. 

25 

5 6 

7 

0 

60 

6 S 

29,87 

5 2 


NE 

1 

Fair. 


76 

2 

0 

74 

68 

29,86 

44 


E 

2 

Fine. 

26 

55 

7 

0 

58 


29,95 

53 


NNE 

2 

Cloudy. 


68 

2 

0 

68 

68 

29.97 

5 ° 


E 

1 

Fair. 

27 

58 

7 

0 

62 

66 

30*03 

5 2 


W 

2 

Fair. 


75 

2 

0 

74 i 

68 

30*03 

46 


WNW 

2 

Fair. 

28! 

! 56 : 

7 

0 

60 : 

66 

30,05 

48 


NNE 

2 

Fine. 


72 

2 

0 

7 2 

68 

3°»°5 

46 


NNE 

i 1 

Fair. 

29 

i 54 ! 

7 

0 1 

58 

66 

29,97 

5 1 

j 

NNE 

2 

Fine. 


j 71 

2 

0 

7 1 

67 

2 9 93 

47 


NNW 

1 

r air. 

3 ° 

51 

7 

0 

1 55 

65 

29,92 

5 1 


NNE 

2 

Cloudy. 


67 

2 

0 

67 

j 

66 

29,89 

47 


NE 

1 

Cloudy. 
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METEOROLOGICAL JOURNAL 

for July, 1807. 



I807 

Six’s 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

withm. 

Barom. 

Hy- 

gro- 

me¬ 

ter. 

Rain. 

Winds. 

Weather. 

H. 

M. 

O 

O 

Inches. 

Inches. 

Points. 

Str. 

July 1 

O 

5 6 

7 

O 

59 

65 

29,87 

0 

49 


NNW 

2 

Cloudy. 


66 

2 

O 

63 

6 5 

29,91 

47 


NW 

1 

Cloudy. 

2 

54 

7 

O 

57 

65 

29,98 

52 


WNW 

2 

Fair. 


73 

2 

O 

73 

67 

29,94 

44 


W 

2 

Fair. 

3 

57 

7 

O 

58 

65 

2 9>93 

5* 


W 

2 

Cloudy. 


67 

2 

O 

67 

66 

2 Q,QO 

48 


W 

z 

Cloudy. 

4 

56 

7 

O 

58 

65 

30,00 

52 


sw 

1 

Cloudy. 


68 

2 

0 

6 7 

66 

30,01 

48 


NW 

1 

Cloudy. 

5 

53 

7 

O 

57 

64 

30,06 

55 


N 

2 

Cloudy. 



2 

0 

7 * 

66 

3°>°4 

45 


N 

1 

Fair. 

6 

53 

7 

O 

60 

64 

29,98 

49 


NNE 

2 

Fair. 


68 

2 

O 

67 

66 

30,01 

44 


E 

2 

Cloudy. 

7 

48 

7 

O 

55 

63 

30,18 

49 


NNE 

2 

Fair. 


64 

2 

O 

63 

65 

30,22 

46 


NE 

1 

Cloudy. 

S 

48 

7 

O 

54 

64 

30,28, 

5° 


NE 

2 

Fair. 


6 7 

2 

O 

67 

65 

30,28 

47 


E 

1 

Fine. 

9 

I 51 

7 

O 

57 

64 

30,27 

5 1 


NE 

1 

Fine. 


76 

2 

0 

75 

65 

30,23 

44 


N 

1 

Fine. 

10 

! 58 

7 

O 

62 

64 

30,12 

51 


SW 

1 

Fair. 


80 

2 

O 

79 

65 

30,02 

43 


N 

1 

Fine. 

11 

60 

7 

O 

64 

! 66 

29,84 

53 


E 

2 

Cloudy. 


78 

2 

O 

76 

! 7 ° 

29.79 

5 ° 


E 

2 

Fair. 

12 

60 

7 

O 

6 3 

68 

29,84 

55 


SSW 

2 

Cloudy. 


77 

2 

O 

77 

| 69 

29,89 

46 


SW 

2 

Fair. 

1 3 j 

63 

7 

O 

68 

69 

2 9 ' 9 Z 

5 Z 


SSW 

2 

Fine. 


78 

2 

0 

78 

73 i 

29,91 

45 


s 

2 

Fine. 

H 

62 

7 

O 

64 

69 ; 

29,99 

5 2 


! ssw 

2 

Cloudy. 


7 1 

2 

O 

67 

69 ; 

29,98 

53 


ssw 

2 

Cloudy. 

l S 

63 

7 

0 

64 

68 j 

29,89 

60 

0,040 

wsw 

1 

Cloudy. 


74 

2 

0 

73 j 

70 

29,87 

5 ° 


; NNW' 

1 

Fair. 

16 

58 

7 

0 ! 

61 

68 

29,94 

5 6 


W j 

2 

Cloudy, 


75 

2 

O ! 

74 

70 

29,95 

50 


W j 

2 

Fair. 
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METEOROLOGICAL JOURNAL 


for July, 1807. 


m 

1807 

Six’s 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

withm. 

Barom. 

Hy- 

gro- 

ter. 

Rain. 

Winds. 

Weather. 

H. 

M. 

O 

0 

Inches. 

Inches 

Points. 

Str. 

July 17 

55 

7 

O 

58 

68 

30,03 

58 


WNW 

I 

Cloudy. 


25 

2 

O 

75 

70 

30,00 

50 


NW 

I 

Fair. 

18 

62 

7 

O 

64 

69 

30,08 

54 


WNW 

1 

Fair. 


76 

2 

O 

75 

70 

30,10 

44 


WNW 

I 

Fair. 

19 

59 

7 

O 

62 

69 

30,11 

49 


WNW 

1 

Fair. 


80 

2 

O 

79 

70 

30,09 

47 


w 

2 

Fine. 

20 

64 

7 

O 

66 

69 

2 9>95 

54 


wsw 

2 

Fair. 


80 

2 

O 

79 

72 

29*90 

48 


sw 

2 

Fair. 

21 

59 

7 

O 

62 

70 

29,94 

52 


w 

I 

Fair. 


79 

2 

O 

76 

7 1 

29*9* 

46 


s 

I 

Fair. 

22 

61 

7 

O 

6 7 

7* 

29,83 

57 


E 

2 

Fair. 


85 

2 

O 

85 

74 

29,77 

45 


E 

2 

Fine. 

23 

67 

7 

O 

68 

72 

29,66 

5 2 


S 

2 

Fair. 


78 

2 

O 

76 

73 

29,72 

47 

j 

S 

2 

Cloudy. 

24 

63 

7 

O 

64 

7 1 

29,67 

S 2 


S 

2 

Fair. 


7 5 

2 

O 

! 74 

72 

29,67 

49 


S 

2 

Cloudy, 

z 5 

58 

7 

O 

64 

69 

29,87 

53 

0,090 

S 

2 

Cloudy. 


73 

2 

O 

7 2 

70 

29,89 

48 


s 

2 

Cloudy. 

26 

62 

7 

O 

65 

70 

29,77 

54 


SE 

I 

Fine. 


75 

2 

O 

70 j 

70 

29,78 

5° 


S 

I 

Cloudy. 

27 

58 

7 

O 

60 

70 

2 9>93 

55 


S 

2 

Fair. 


74 

2 

O 

73 

70 

2 9>93 

45 


s 

2 

Fair. 

28 

57 

7 

O 

58 

69 

30,03 

54 


ssw 

2 

Fair. 


78 : 

2 

O 

78 

70 

30,00 

44 


s 

I 

Fine. 

29 

63 

7 

O 

66 

69 

29,86 

48 


s 

I 

Cloudy. 

78 

2 

O 

77 

71 

29,77 

45 


ssw 

2 

Cloudy. 

3° 

65 

7 

O 

66 

70 

29,61 

63 

0,205 

ssw 

2 

Cloudy. 

7? 

2 

O I 

72 

70 

29,68 

46 


sw 

2 

Cloudy. 

31 

62 j 

7 

O 

6 3 

68 

29,71 

55 


SE 

Z 

Cloudy. 


7i j 

2 

O 

70 

69 

29,60 

55 


s 

i 

I 

Rain. 







C 


METEOROLOGICAL JOURNAL 


for August, 1807. 


1807 

Six’s 
Therm, 
least ant 
greatest 
Heat. 

Time. 

Therm. 

without 

Therm. 

within. 

Barsm. 

Hy- 
g to¬ 
mes- 

K airi. 

Winds. 

W 

H. 

M. 

0 

0 

I riches. 

laches. 

Paints. 

Str. 


Aug. 1 

5* 

7 

0 

59 

67 

29,76 

5°S 

©^55 

s 

2 

Fine. 


72 

2 

0 

75 

68 

29,81 

47 


s 

2 

Fair. 

' 2 

55 

7 

0 

56 

65 

29,90 

58 


sw 

l 

Cloudy. 


75 

2 

0 

74 

67 

29,86 

45 


ssw 

1 

Fair. 

1 3 

59 

7 

0 

62 

65 

29,80 

54 


s 

2 

Cloudy. 


74 

2 

0 

74 

67 

29,83 

46 


sw 

1 

Fair. 

• 4 

53 

7 

0 

s 6 

64 

29,94 

54 


sw 

2 

Fine. 


72 

2 

0 

72 

66 

29^5 

44 


sw 

2 

Fair. 

5 

55 

7 

0 

<8 

64 

29,99 

53 


sw 

2 

Fine, 


7 l 

2 

0 

7 l 

66 

29,92 

45 


sw 

1 

Cloudy. 

6 

60 

7 

0 

62 

65 

29,84 

60 


&§w 

1 

Cloudy. 


72 

2 

0 

7 Z 

67 

29,82 

54 


s 

2 

Cloudy. 

7 

62 

7 

0 

62 

67 

29,84 

64 

0,016 

s 

1 

Rain, 


7i 

2 

0 

70 

67 

29,88 

57 


s 

I 

Cloudy, 

8 

60 

7 

0 

62 

67 

29,90; 

62 

0,195 

N 

1 

Cloudy, 


65 

2 

0 

65 

67 

29,91 

63 


NN E 

1 

Rain. 

9 

If 

7 

0 

58 

66 

30,02 

63 

0,083 

NE 

1 

Cloudy. 


6 8 

2 

0 

68 

*7 

30rOO 

54 


NE 

I 

Cloudy. 

, 10 

56 

7 

0 

59 

65 

30,00 

62 


NF. 

1 

Cloudy. 


68 

: 2 

0 

67 

67 

JO,Ot> 

53 


NE 

I 

Cloudy. 

11 

54 

7 

0 

S 6 

6 5 

*9>94 

60 


E 

I 

Fair. 


75 

2 

0 

75 

68 

39*81 

50 


ESE 

1 

Fair. 

12 

62 

7 

0 

63 

67 

29,70 

67 

0,095 

SW 

1 

Cloudy. 


74 

2 

0 

73 

68 

3 9>73 

5* 


S 

2 

Cloudy. 

*3 

64 

7 

0 

67 

68 

29.67 

60 


SE 

1 

Fair. 


78 

2 

0 

78 

71 

29,70 

50 


S 

2 

Fair. 

: i 4 

64 

7 

0 

64 

6 9 

29,55 

70 

0,840 

ssw 

1 

Rain. 


72 

2 

0 

7 1 

70 

29,67 



wsw 

I 

Cloudy. 

< »5 

59 

7 

0 

61 

68 

29,91 

60 

0,200 

sw 

I 

Fine. 


72 

2 

0 

72 

68 

30,00 

53 


sw 

I I 

Cloudy. 

16 

61 

7 

0 

62 

68 

30,22 

5* 


sw 

I . 

Fine. 



2 

O 

Jl, 

-£2-1 

30,22 

m 


sw 

I < 

Cloudy. 
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METEOROLOGICAL JOURNAL 


for August, 1807. 


1807 

Six’s 
Theim. 
least and 
gieatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

Rain. 

Winds. 

1 

Weather. 

H. 

M. 

O 

O 

Inches. 

Inches. 

Points. 

Str. 

Aug. 17 

64 

7 

O 

65 

68 

30,24 

60 


N 

1 

Cloudy. 


78 

2 

O 

78 

70 

3°> 1 9 

50 


E 

1 

Cloudy. 

1 8 

59 

7 

O 

62 

68 

30,09 

6 3 


NE 

1 

Cloudy. 


77 

2 

O 

77 

7 i 

30,01 

50 


ESE 

I 

Fair. 

*9 

62 

7 

O 

63 

69 

29,94 

64 


NE 

1 

Cloudy. 


81 

2 

O 

7 / 

7 i 

29,91 

50 


SE 

1 

Cloudy. 

20 

6x 

7 

O 

62 

70 

29,91 

6 3 


S 

1 

Fair. 


76 

2 

O 

74 

71 

29»93 

5 i 


SW 

I 

Cloudy. 

21 

64 

7 

O 

67 

7 ° 

29,87 

56 


E 

I 

Cloudy. 


80 

2 

O 

78 

7 i 

29.84 

52 


S 

I 

Cloudy. 

22 

62 

7 

O 

6 3 

69 

29,84 

57 


SW 

I 

Fine. 


80 

2 

O 

80 

72 

29,81 

5 ° 


ssw 

I 

Fair. 

2 3 

64 

7 

O 

66 

70 

29,85 

67 


s 

1 

Fine. 


79 ! 

2 

O 

79 

73 

29,84 

48 


s 

2 

Fair. 

24 

65 

7 

O 

66 ! 

70 

29,85 

60 


ssw 

I 

Cloudy. 


72 

2 

O 

7 ° 

70 

29,81 

58 


ssw 

1 

Rain. 

25 

60 

7 

O 

61 

69 

29,90 

64 

0,280 

SW 

1 

Cloudy. 


76 

2 

O 

76 

7 o 

29.93 

5 * 


ssw 

I 

Fair. 

26 

60 

7 

O 

62 

69 

29,98 

64 


SW 

1 

Cloudy. 


75 

2 

O 

75 

7 i 

30,01 

S 2 


SW 

1 i 

Fair. 

2 7 : 

59 

7 

O 

62 

69 

30,01 

57 


SE 


Fine, 


80 

2 

O 

78 

7 i 

29,91 

5 ° 


E 

1 

Fine. 

28 

64 

7 

O 

66 

7 i 

29,70 

60 


SE 

2 

Cloudy. 


73 

2 

O 

73 

7 * 

29,78 

53 


SSW 

2 

Cloudy. 

29 

59 

7 

O 

60 

69 

29.92 

61 


s 

1 

Fine. 


72 

2 

O 

68 

7 ° 

29,91 

54 


s 

2 

Cloudy. 

3 ° 

55 

7 

O 

5 6 

68 

29,94 

57 


ssw 

2 

Fine. 


70 

2 

O 

70 

68 

29,96 

46 


ssw 

2 

Fair. 

3 i 

52 

■ 7 

O 

53 

6 5 

30,06 

5 6 


SW 

1 

Fine. 


63 

2 

L_ 

O 

6 3 

66 

30,11 

53 


WNW 

1 

nJ 




C 1 $ T; 






METEOROLOGICAL 

for September 

JOURNAL 

1807. 


IS07 

Six'* 
Thu m. 
least and 

Heat. 

1. 


Therm. 

without. 

Therm 
with 111 

Barom. 

Hy- 

Rain. 

Wind 


Weather. 

H. 

M. 

0 

O 

Inches. 

ter. 

Inches. 

Point j. 


Sept. 1 

O 

54 

7 

O 

55 

63 

30,20 

58 


sw 


Cloudy. 


68 

2 

O 

67 

66 

30,21 

50 


NW 


Cloudy. 

2 

9 1 

7 

O 

53 

62 

30,21 

58 


wsw 

1 

Fine. 


70 

2 

O 

69 

65 

30,18 

48 


wsu. 


Fine. 


5 1 

7 

O 

5 2 

63 

30,1 I 

57 


sw 

1 

Fine. 


70 

2 

O 

7° 

66 

3°>Q3 

47 


"W 

1 

Fine. 

4 

<3 

7 

O 

57 

62 

29,90 

58 


sw 


Cloudy. 


7 Z 

2 

O 

72 

66 

29,86 

53 


sw 


C.oudy. 


60 

7 

O 

61 

64 

2 975 

58 


ssw 

2 

Cloudy. 


68 

2 

O 

68 

65 

2 9> 6 5 

5° 


s 

2 

Cloudy. 

L 

57 

7 

O 

57 

63 

29,38 

55 


s 

2 

Cloudy. 


°3 

2 

O 

6 z 

62 

29,46 

48 


ssw 

2 

Cloudy. 

7 

47 

7 

O 

49 

62 

29,72 

58 


sw 


Fine. 


63 

2 

O 

<33 

6 3 

2 9>77 

46 


W 

1 

Fair. 

8 

4 V 

7 

O 

45 

61 

29,98 

5 6 


sw 


Fine. 


! 62 

2 

O 

60 

62 

30,01 

47 


w 


Fair. 

9 

: 5 1 

7 

O 

5 2 

60 

2 9>77 

63 

°>335 ’ 

E 


Rain. 


66 

2 

O 

64 

62 

29,50 

66 


s 

1 

Rain. 

JO 

5 Z 

7 

O 

53 

60 

29,88 

61 

0,365 

WNWj 

i 

Cloudy. 




O 

57 

62 

30,00 

54 


NNW 

1 

Cloudy. 

11 

42 

7 

O 

43 

59 

3°, 12 i 

60 


WSW 

1 

Fair. 


61 

2 

O 

61 

60 

30,00 

5 ° 


sw 


Fair. 

12 

! 4 6 

7 

0 ! 

47 

59 

29,82 i 

55 


wsw 

1 

Cloudy. 


57 

2 

0 

57 

60 

29,80 1 

47 


NW 


Fair. 

J 3 

42 

7 

0 

43 

58 

2 9 > 9 S : 

54 


NW 


Fine. 


55 

2 

0 

53 

59 

29,98 

46 


NNE 

2 

Fair. 

J 4 

38 

7 

0 

39 

57 

3°>°4 

58 


SW 


Fine. 


57 

2 

0 i 

57 

58 

29,96 

48 


w 


Fair. 

1 5 

46 

7 

0 

48 

58 

29,96 

59 


NNE 

1 

Fine. 


57 

2 

0 

56 

59 | 

29,99 

48 

j 

NE 

1 

Fair. 

16 

45 

7 

0 

46 

58 I 

29,98 

56 


WSW 


Cloudy. 


57 

| 2 

O ! 

5 6 

59 1 

2 9’93 

47 


NW 

Jj 

Fair. 





C 19 3 


METEOROLOGICAL JOURNAL 


for September, 1807. 


1807 

least and 
greatest 
Heat 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

ter. 

Rain. 

Winds. 

j Weather. 

! 

H. 

M. 

O 

0 

Inches. 

Inches. 

Points. 

Str. 

Sep. 17 

43 


O 

45 

57 

29,92 

57 


WNW 

I 

Fine. 



2 

O 

57 

59 

29,92 

48 


NE 

I 

;Fair. 

18 

39 

7 

O 

39 

57 

29,91 

58 


NE 

I 

(Cloudy. 


58 

2 

O 

5 * 

60 

29 83 

48 


NE 

I 

[Fair. 

19 

45 

7 

O 

46 

58 

29,90 

60 


NE 

I 

Fine. 


60 

2 

O 

60 

61 

30,00 

48 


NE 

X 

;Fine. 

20 

39 

7 

O 

42 

57 

30,22 

60 


W 

1 

Fine. 


60 

2 

O 

60 

58 

30,18 

47 


WNW 

I 

1 Cloudy. 

2 1 

52 

7 

0 

5 2 

58 

30,03 

62 


wsw 

I 

iCloudy. 


61 

2 

O 

60 

60 

29,96 

5 6 


sw 

2 

(Cloudy. 

22 


7 

O 

56 

59 

29,75 

66 

0,105 

sw 

2 

Cloudy. 



2 

O 

60 

61 

29>70 

6 5 


sw 

1 

Rain. 

23 

56 

7 

O 

58 

60 

2 9>57 

c 7 

<M 43 

sw 

2 

Cloudy. 


61 

2 

O 

60 

62 

29,54 

68 


ssw 

2 

Cloudy. 

24 

S 5 

7 

O 

5 6 

61 j 

2 9'57 

68 

0,202 

s 

2 

(Cloudy. 


65 

2 

O 

64 

63 

29,49 

55 


s 

2 

^Cloudy. i' 

2 5 

5 1 

7 

O 

52 

61 

29,41 

6 3 


ssw 

I 

(Fair. 


63 

i 2 

O 

60 

62 

2 9’35 

60 


s 

z 

Cloudy. 

26 

48 

! 7 

O 

49 

60 

29,5° 

65 

0,270 

w 

I 

jFirie. 


62 

2 

O 

62 i 

63 

29,70 

50 


w 

1 

'Fine. ; 

2“ 

51 

7 

O 

58 

60 

29,48 

70 

0,122 

s 

2 

JCloudy. 


66 

2 

O 

6 S 

6 3 

29,44 

53 


wsw 

2 

(Fair. 

28 

34 

7 

O 

54 

60 j 

29,50 

65 

0,082 

w 

2 

Fine. 


61 ! 

2 

O 

61 

6 3 1 

29,71 

5 2 


w 

2 

Fair. 

29 

43 ! 

y 

O 

47 

60 j 

2 9>95 

60 


wsw 

2 

Cloudy. 


61 

7 

O 

56 

61 

i 2 9>74 

60 


SE 

1 

Rain. 

3 ° 

56 


O 

57 

61 

29,50 

63 

0,016 

wsw 

2 

Cloudy. 


60 

; 7 

i 

O 

60 

62 

! 2 9* 6 4 

50 


WNW 

2 

1 

! 

Cloudy. 


c 2 







C 3 ° 3 


METEOROLOGICAL JOURNAL 


for October, 1807. 


1 807 

Six’s 
Therm, 
least and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

rro- 

Rain. 

Wind*. 

Weather. 

H. 

M, 

0 

0 

Inches. 

Inches. 

Points 

Str. 

Oct. 1 

O 

43 

7 

0 

45 

58 

30,18 

O 

57 


sw 

I 

Fine. 


5 6 

2 

O 

56 

60 

3°>17 

50 


s 

I 

Cloudy. 

2 

5° 

7 

0 

5 6 

59 

30,05 

67 

6,075 

s 

2 

Cloudy. 


64 

2 

O 

64 

6z 

30,01 

53 


s 

2 

Fair. 

3 

53 

7 

O 

55 

60 

30,06 

72 


sw 

1 

Foggy. 


64 

2 

0 

64 

6 3 

3°, 13 

56 


sw 

1 

Fair. 

4 

53 

7 

0 

54 

60 

301I5 

70 


s 

1 

Cloudy. 


65 

z 

0 

65 

63 

30,14 

58 


s 

1 

Fine. 

5 

5 1 

7 

O 

52 

62 

30,06 

68 


s 

1 

Foggy. 


64 

2 

0 

64 

63 

30' 03 

64 


ssw 

I 

Hazy. 

6 

57 

7 

O 

57 

62 

29,98 

67 


w 

1 

Cloudy. 


60 

2 

0 

60 

^3 

3°,01 

60 


sw 

I 

Cloudy. 

7 

54 

7 

O 

57 

6z 

30,00 

66 


sw 

1 

Cloudy. 


67 

2 

0 

67 

64 

29,97 ! 

53 


ssw 

2 

Fair. 

8 

58 

7 

0 

58 

63 

2 9>79 

66 


sw 

2 

Cloudy. 


62 

2 

O 

60 

6 3 

29,85 

5° 


sw 

2 

Cloudy. 

9 

5 1 

7 

0 

52 

62 

3°>12 

58 


wsw 

I 

Cloudy. 


60 

I 2 

O 

60 

t>3 

30^5 

51 


WNW 

I 

Cloudy. 

10 

54 

7 

O 

57 

62 

30,10 

72 


sw 

1 

Cloudy. 


65 

2 

O 

64 

63 

30112 

63 


sw 

I 

Cloudy. 

11 

55 

7 

O 

56 

63 

3°>*5 

64 


sw 

1 

Cloudy. 


62 1 

2 

O 

62 

62 

3°» I 3 

60 


sw 

1 

Cloudy. 

12 

57 

7 

0 

57 

62 

30,02 

64 


s 

1 

Cloudy. 


63 

2 

O 

63 

62 

30,00 

58 


ssw 

I 

Cloudy. 

13 

58 

7 

0 

58 

62 

30»*5 

66 


sw 

1 

Cloudy. 


66 

2 

O 

66 

63 

30,20 

57 


SE 

I 

Cloudy. 

>4 

58 

7 

O 

59 

6 3 

30,20 

67 


s 

I 

Cloudy. 


68 

2 

0 

67 

62 

3°, 18 

58 


s 

1 

Fair. 

15 

59 

7 

0 

59 

$3 

30,05 

66 


sw 

1 

Cloudy. 


65 

2 

0 

65 

6 5 

30,05 

60 


sw 

I 

Cloudy. 

16 

5 1 

7 

0 

5 2 

62 

30,15 

65 


wsw 

I 

Foggy. 


62 

2 

O 

62 

J>S . 

U°.?12 

,S± 


sw 

I 

Cloudy. 




C M 3 


METEOROLOGICAL JOURNAL 


for October, 1807. 


1807 

Six's 
Therm, 
'least anc 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

My- 

gro- 

Haiti. 

Winds. 

West her. 

H. 

M. 

O 

O 

Inches. 

Inches. 

Points. 

Str. 

Oct. 17 

54 

7 

0 

5<5 

63 

3°>°3 

63 


sw 

I 

Cloudy. 


64 

2 

0 

63 

63 

z 9>97 

57 


sw 

I 

Cloudy. 

18 

5 8 

7 

0 

60 

62 

29.9° 

7 ° 


sw 

I 

Cloudy. 


61 

2 

0 

6l 

6 3 

30.07 

50 


WNW 

2 

Fair. 

*9 

44 

7 

0 

45 

61 

30,30 

60 


sw 

I 

Fine. 


59 

2 

O 

S 9 

62 

30,26 

53 


ssw 

I 

Fine. 

20 

5 ° 

7 

O 

S 3 

61 

2 9>93 

64 


s 

I 

Fair. 


63 

2 

0 

63 

63 

29,78 

54 


s 

I 

Fair. 

21 

55 

7 

0 

55 

61 

29,45 

65 


SE 

2 

Fair. 


62 

2 

0 

62 

63 

29,46 

S« 

s 

2 

Cloudy. 

22 

54 

7 

O 

54 

62 

29,50 

65 

0,102 

ESE 

I 

Rain. 


5 8 

2 

O 

S 8 

63 

29,23 

73 


NE 

1 

Rain. 

z 3 

47 

7 

O 

47 

61 

29,27 

66 

0,315 

w 

1 

Cloudy. 


i 2 ' 

2 

O 

52 

61 

29,22 

59 


WNW 

2 

Cloudy. 

24 

! 40 

7 

O 

4 1 


2 9>35 ! 

63 


NE 

1 

Cloudy. 


I 55 

2 

O 

54 

61 

29,38 : 

59 


ESE 

I 

Cloudy. 

25 

45 

7 

O 

47 

59 

29,58 

05 


E 

1 

Fine. 


55 

2 

O 

55 

60 

29,66 j 

S 8 


ESE 

1 

Cloudy. 

26 

5 ° 

7 

O 

5 * 

59 

29,65 

70 

0,12 2 

E 

I 

Rain. 


5 ^ 

2 

O 

56 

60 

29,61 

64 


ENE 

I 

Cloudy. 

27 

42 

7 

O 

44 

58 

29,46 

68 

0,033 

N 

I 

Rain. 


53 

2 

O 

52 

60 

29,50 

66 


N 

1 

Cloudy. 

28 

39 

7 

O 

39 

57 

29,85 

6 5 

0,072 

N 

I 

Fair. 


48 

2 

O 

48 

58 

29,85 

57 


WNW 

1 

Fine. 

29 

4 1 

7 

O 

43 

57 

29,64 

67 


wsw 

1 

Cloudy. 


53 

2 

O 

53 

58 

29,55 

63 


w 

I 

Rain. 

3 ° 

40 

7 

O 

40 

56 

29,68 

63 

0,Ol6 

sw 

i .Cloudy. 1 


53 

2 

O 

50 

57 

29,43 

66 i 


sw 

1 

Cloudy. 

3 i 

45 

7 

O 

45 

56 

29,68 

60, 

0,032 

N 

1 

Fair, 


50 

2 

O 

5 ° 

58 

29,88 

64 


N 

1 

Fair. 





C 3 


METEOROLOGICAL JOURNAL 

for November, 1807. 

1807 

Six’s 
Therm, 
east and 
greatest 
Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

«y- 

Ram. 

Winds. 

Weather. 

H. M. 

0 

0 

Inches. 

er. 

Inches. 

Points. 

Sir. j 

i 

Nov. 1 

2 

3 

4 

5 

6 

7 

8 

S 

IC 

11 

12 

1 

M 

I< 

42 

56 

47 

54 

42 

49 

40 

5 i 

36 

53 
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XIL Observations of a Comet, made with a View to investigate its 
Magnitude and the Nature of its Illumination. To which is 
added , an Account of a new Irregularity lately perceived in the 
apparent Figure of the Planet Saturn. By William Herschel, 
LL. D. F. R. S. 


Read April 7, 1808. 

The comet which we have lately observed, was pointed out 
to me by Mr. Pigott, who discovered it at Bath the 28th of 
September, and the first time I had an opportunity of examin¬ 
ing it was the 4th of October, when its brightness to the naked 
eye gave me great hopes to find it of a different construction 
from many I have seen before, in which no solid body could 
be discovered with any of my telescopes. 

In the following observations, my attention has been di¬ 
rected to such phenomena only, as were likely to give us 
some information relating to the physical condition of the 
comet, it will therefore not be expected that I should give an 
account of its motion, which I was well assured would be 
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most accurately ascertained at the Royal Observatory at 
Greenwich. 

The different parts of a comet have been generally ex¬ 
pressed by terms that may be liable to misapprehension, such 
as the head, the tail, the coma, and the nucleus; for in read¬ 
ing what some authors say of the head, when they speak of 
the size of the comet, it is evident that they take it for what 
is often called the nucleus. The truth is, that inferior teles¬ 
copes, which cannot show the real nucleus, will give a certain 
magnitude of the comet, which may be called its head; it in¬ 
cludes all the very bright surrounding light; nor is the name 
of the head badly applied, if we keep it to this meaning; and 
since, with proper restriction, the terms which have been used 
may be retained, I shall give a short account of my observa¬ 
tions of the comet, as they relate to the above-mentioned par¬ 
ticulars, namely, the nucleus, the head, the coma, and the tail, 
without regarding the order of the time when they were 
made; the date of each observation, however, will be added, 
that any person who may hereafter be in possession of more 
accurate elements of the comet's orbit, than those which I have 
at present, may repeat the calculations in order to obtain a 
more correct result. 

Of the Nucleus. 

From what has already been said, it will easily be under¬ 
stood that by the nucleus of the comet, I mean that part of 
the head which appears to be a condensed or solid body, and 
in which none of the very bright coma is included. It should 
be remarked, that from this definition it follows, that when the 
nucleus is very small, no telescope, but what has light and 
power in an eminent degree, will show it distinctly. 
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Observations . 

Oct. 4, 1807. 10-feet reflector. The comet has a nucleus, 
the disk of which is plainly to be seen. 

Oct. 6 . I examined the disk of the comet with a proper set 
of diaphragms, such as described in a former paper,* in order 
to see whether any part of it were spurious ; but when the 
exterior light was excluded, so far from appearing larger, as 
would have been the case with a spurious disk, it appeared 
rather diminished for want of light; nor was its diameter 
lessened when I used only the outside rays of the mirror. 
The visible disk of the comet therefore is a real one. 

Oct. 4. I viewed the comet with different magnifying 
powers, but found that its light was not sufficiently intense 
to bear very high ones. As far as 200 and 300, my 10-feet 
reflector acted very well, but with 400 and 500 there was 
nothing gained, because the exertion of a power depending 
on the quantity of light was obstructed,*^ which I found was 
here of greater consequence than the increase of magnitude. 

Illumination of the Nucleus. 

Oct. 4, 6 >h if. The nucleus is apparently round, and equally 
bright all over its disk. I attended particularly to its round¬ 
ness. 

Oct. 18. The nucleus is not only round, but also every 
where of equal brightness. 

Oct. 19. I see the nucleus again, perfectly round, well de¬ 
fined, and equally luminous. Its brilliant colour in my 10-feet 

* See Phil. Trans, for 1805, page 53. Use of the Criterion, 
f See Phil. Trans, for 1800, p. 78. 
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telescope is a little tinged with red; but less so than that of 
Arcturus to the naked eye. 

Magnitude of the Nucleus. 

Oct. 2 6. In order to see the nucleus as small as it really 

is, we should look at it a long while, that the eye may gra¬ 
dually lose the impression of the bright coma which surrounds 

it. This impression will diminish gradually, and when the 
the eye has got the better of it, the nucleus will then be seen 
most distinctly, and of a determined magnitude. 

Oct. 4. With a 7-feet reflector I estimated the diameter of 
the nucleus of the comet at first to be about five seconds, but 
soon after I called it four, and by looking at it longer, I sup¬ 
posed it could not exceed three seconds. 

Oct. 6 . 1 o-feet reflector, power 221. The apparent disk 
of the comet is much less than that of the Georgian planet, 
which being an object I have seen so often with the same in¬ 
strument and magnifying power, this estimation from memory 
cannot be very erroneous. 

Oct. 5. Micrometers for measuring very small diameters, 
when high magnifying powers cannot be used, being very 
little to be depended upon, I erected a set of sealing wax glo¬ 
bules upon a post at 2422 inches from the object mirror of 
rny 10-feet reflector, and viewed them with an eye-glass, 
which gives the instrument a power of 221, this being the 
same which I had found last night to show the nucleus of the 
comet well. I kept them in their place all the day, and reviewed 
them from time to time, that their magnitudes might be more 
precisely remembered in the evening, when I intended to 
compare the appearance of the nucleus with them. 
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On examining the comet, I found the diameter of its nucleus 
to be certainly less than the largest of my globules, which 
being ,0466 inch, subtended an angle of 3",97 at the distance 
of the telescope in the day time. 

Comparing the nucleus also with the impressions, which 
the view of the second and third had left in my memory, and 
of which the real diameters were ,0325 and ,0290 inch; and 
magnitudes at the station of the mirror 2",77 and 2",47, I 
found that the comet was almost as large as the second, and 
a little larger than the third. 

Oct. 18. The nucleus is less than the globule which sub¬ 
tends 2", 77. 

Oct. 19. The air being uncommonly clear, I saw the comet 
at 40 minutes after five, and being now at a considerable alti¬ 
tude, I examined it with 289, and having but very lately re¬ 
viewed my globules, I judged its diameter to be not only less 
than my second globule, but also less than the third ; that is, 
less than 2",47. 

Oct. 6 . The 20-feet reflector, notwithstanding its great 
light, does not show the nucleus of the comet larger than the 
10-feet, with an equal magnifier, makes it. 

Oct. 28. My large 10-feet telescope, with the mirror of 24 
inches in diameter, does not increase the size of the nucleus. 

Oct. 6. Being fully aware of the objections that may be 
made against the method of comparing the magnitude of the 
nucleus of the comet with objects that cannot be seen toge¬ 
ther, I had recourse to the satellites of Jupiter for a more 
decisive result, and with my 7-feet telescope, power 202, I 
viewed the disk of the third satellite and of the nucleus of the 
comet alternately. They were both already too low to be seen 
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very distinctly; the diameter of the nucleus however appeared 
to be less than twice that of the satellite. 

Oct. 18. With the 10-feet reflector, and the power 221, a 
similar estimation was made; but the light of the moon would 
not permit a fair comparison. 

Oct. 19. I had prepared a new 10-feet mirror, the delicate 
polish of my former one having suffered a little from being 
exposed to damp air in noctural observations. This new one 
being uncommonly distinct, and the air also remarkably clear, 
I turned the telescope from the comet to Jupiter's third satel¬ 
lite, and saw its diameter very distinctly larger than the 
nucleus of the comet. I turned the telescope again to the 
comet, and as soon as I saw it distinctly round and well de¬ 
fined, I was assured that its diameter was less than that of 
the satellite. 

6 h 20'. I repeated these alternate observations, and always 
found the same result. The night is beautifully clear, and the 
moon is not yet risen to interfere with the light of the comet. 

Nov. 20. With a 7-feet reflector, and power only 75, I can 
also see the nucleus; it is extremely small, being little more 
than a mere point. 


Of the Head of the Comet. 

When the comet is viewed with an inferior telescope, or if 
the magnifying power, with a pretty good one, is either much 
too low, or much too high, the very bright rays immediately 
contiguous to the nucleus will seem to belong to it, and form 
what may be called the head. 

Oct. 19. I examined the head of the comet with an indiffe¬ 
rent telescope, in the manner I have described, and found it 
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apparently of the size of the planet Jupiter, when it is viewed 
with the same telescope and magnifying power. 

With a good telescope, I saw in the centre of the head a 
very small well defined round point. 

Nov. 20. The head of the comet is now less brilliant than 
it has been. 


Of the Coma of the Comet. 

The coma is the nebulous appearance surrounding the 
head. 

Oct. 19. By the field of view of my reflector, I estimate the 
coma of this comet to be about 6 minutes in diameter. 

Dec. 6 . The extent of the coma, with a mirror of 24 inches 
diameter, is now about 4' 45". 

Of the Tail of the Comet. 

Oct. 18. 7*. With a night glass, which has a field of view 
of nearly 5 0 ,1 estimated the length of the tail to be 3°^; but 
twilight is still very strong, which may prevent my seeing 
the whole of it. 

Nov. 20. The tail of the comet is still of a considerable 
length, certainly not less than 2-§- degrees. 

Oct. 2 6. The tail of the comet is considerably longer on 
the south-preceding, than on the north-following side. 

It is not bifid, as I have seen the comet of 17% delineated, 
by a gentleman who carefully observed it.* 

Oct. 28. 7-feet reflector. The south-preceding side of the 
tail in all its length, except towards the end, is very well 
defined; but the north-following side is every where hazy 

* Dr. Lind of Windsor. 
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and irregular, especially towards the end; it is also shorter 
than the south-preceding one. 

The shape of the unequal length of the sides of the tail, 
when attentively viewed, is visible in a night glass, and even 
to the naked eye. 

Oct. 31. 10-feet reflector. The tail continues to be better 
defined on the south-preceding than on the north-following 
side. 

Dec. 6. The length of the tail is now reduced to about 23' 
of a degree. 

Of the Density of the Coma and Tail of the Comet. 

Many authors have said, that the tails of comets are of so 
rare a texture, as not to affect the light of the smallest stars 
that are seen through them. Unwilling to take any thing 
upon trust that may be brought to the test of observation, I 
took notice of many small stars that were occasionally covered 
by the coma and the tail, and the result is as follows. 

Oct. sfi, 6 b 15'. Large 10-feet reflector, 24 inches aper¬ 
ture. A small star within the coma is equally faint with two 
other stars that are on the north-following side of the comet, 
but without the coma. 

7 h 30'. The coma being partly removed from the star, it is 
now brighter than it was before. 

Oct. 31, 6 h 5'. 10-feet reflector. A star in the tail of the 
comet, which we will call a , is much less bright than two 
others, b and c, without the tail. 

Two other stars, d and e , towards the south of b and c, are 
in the following skirts of the tail, and are extremely faint. 

7 h 20'. The star c is now considerably bright, the tail having 
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left it, while d, which is rather more involved than it was 
before, is hardly to be seen. 

7 h 50'. The star a , towards which the comet moves, is in¬ 
volved in denser nebulosity than before, and is grown fainter. 

d is involved in brighter nebulosity than before, but being 
near the margin, it will soon emerge, 

8 h 35b Being still more involved, the star a is now hardly 
visible. 

e is quite clear of the tail, and is a considerable star ; d re¬ 
mains involved. 

9 h to'. The star d is also emerged, but the comet is now 
too low to estimate the brightness of stars properly. 

Nov. 25, 7 h 35'. There is a star a within the light of the 
tail, near the head of the comet, equal to a star b situated 
without the tail, but near enough to be seen in the field of 
view with a. The path of the head of the comet leads towards 
a , and a more intense brightness will come upon it. 

8 h 46' The star a is now involved in the brightness near 
the head of the comet, and is no longer visible, except now 
and then very faintly, by occasional imperfect glimpses : but 
the star b retains its former light. 

Nebulous appearance of the Comet . 

Dec. 6 . The head of the comet, viewed with a mirror of 
24 inches diameter, resembles now one of those nebulas 
which in my catalogues would have been described, “ a very 
large, brilliant, round nebula, suddenly much brighter in 
the middle.” 

Dec. ib. 7-feet reflector. The night being fine, and the 
moon not risen, the comet resembles “ a very bright, large, 

MDCccvin. X 
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irregular, round nebula, very gradually much brighter in the 
middb, with a faint nebulosity on the south preceding side.” 

Jan. 1. 1808. 7-feet. “ Very bright, very large, very gra¬ 
dually much brighter in the middle.” 

If I had not known this to be a comet, I should have added 
to my description of it as a nebula, that the center of it might 
consist of very small stars, but this being impossible, I directed 
my 10-feet telescope with a high pow'er to the comet, in order 
to ascertain the cause of this appearance ; in consequence of 
which I perceived several small stars shining through the 
nebulosity of the coma. 

Jan. 14. 7-feet. “ Bright, pretty large, irregular round, 
brighter in the middle.” 

Feb. 2. 10-feet, 24-inch aperture. “ Very bright, large, irre¬ 
gular round, very gradually much brighter in the middle.” 
There is a very faint diffused nebulosity on the north-pre¬ 
ceding side ; I take it to be the vanishing remains of the 
comet's tail. 

Feb 19. Considerably bright, about — of the field — g' 2 6" 
“ in diameter, gradually brighter in the middle.” The faint 
nebulosity in the place where the tail used to be, still projects 
a little farther from the center than in other directions. 

Feb. 21. Less bright than on the 19th; nearly of the same 
size ; gradually brighter in the middle. The nebulosity still 
a little projecting on the side where the tail used to be. 

Result of the foregoing Observations . 

From the observations which are now before us, we may 
draw some inferences, which will be of considerable import¬ 
ance with regard to the information they give us, not only of 
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the size of the comet, but also of the nature of its illumina¬ 
tion. 

A visible, round and well defined disk, shining in ever}’ 
part of it with equal brightness, elucidates two material cir¬ 
cumstances ; for since the nucleus of this comet, like the body 
of a planet, appeared in the shape of a disk, which was ex¬ 
perimentally found to be a real one, we have good reason to 
believe that it consists of some condensed or solid body, the 
magnitude of which may be ascertained by calculation. For 
instance, we have seen that its apparent diameter, the 19th of 
October, at 6 h 20', was not quite so large as that of the 3d 
satellite of Jupiter. In order therefore to have some idea of 
the real magnitude of our comet, we may admit that its 
diameter at the time of observation was about 1", which cer¬ 
tainly cannot be far from truth. The diameter of the 3d 
satellite of Jupiter, however, is known to have a permanent 
disk, such as may at any convenient time be measured with 
all the accuracy that can be used; and when the result of such 
a measure has given us the diameter of this satellite, it may 
by calculation be brought to the distance from the earth at 
which, in my observation, it was compared with the diameter 
of the comet, and thus more accuracy, if it should be required, 
may be obtained. The following result of my calculation 
however appears to me quite sufficient for the purpose of a 
general information. From the perihelion distance 0,647491, 
and the rest of the given elements of the comet, we find that 
its distance from the ascending node on its orbit at the time 
of observation was 73 0 45' 44"; and having also the earth's 
distance from the same node, and the inclination of the comet's 
orbit, we compute by these data the angle at the sun. Then 

X 2 



156 Dr. Herschei/s Observations of a Comet, 

by calculating in the next place the radius vector of the 
comet, and having likewise the distance of the earth from the 
sun, we find by computation that the distance of the comet 
from the earth at the time of observation was 1,169 >92, the 
mean distance of the earth being 1. Now since the disk of 
the comet was observed to subtend an angle of 1", which 
brought to the mean distance of the earth gives 3", 169, 
and since we also know that the earth’s diameter, which, 
according to Mr. Dalby, is 7913,2 miles,* subtends at the 
same distance an angle of 17",2 we deduce from these prin¬ 
ciples the real diameter of the comet, which is 538 miles. 

Having thus investigated the magnitude of our comet, we 
may in the next place also apply calculation to its illumination. 
The observations relating to the light of the comet were 
made, from the 4th of October to the 19th. In all which 
time the comet uniformly preserved the appearance of a 
planetary disk fully enlightened by the sun: it was every 
where equally bright, round, and well defined on its borders. 
Now as that part of the disk which was then visible to us, 
could not possibly have a full illumination from the sun, I 
have calculated the phases of the comet for the 4th and for 
the 19th, the result of which is, that on the 4th the illumina¬ 
tion was 119 0 45' 9" as represented in figure 1, and that on 
the 19th it had gradually increased to 124 0 22' 40", of which 
a representation is given in figure 2. Both phases appear to 
me sufficiently defalcated, to prove that the comet did not 
shine by light reflected from the sun only ; for had this been 


* See Phil. Trans, for 1791, page 239, Mr. Dalby gives tie two semi-axes of the 
earth, from a mean of which the above diameter 7913,1082 is obtained. 
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the case, the deficiency I think would have been perceived, 
notwithstanding the smallness of the object. Those who are 
acquainted with my experiments on small silver globules/ 4 
will easily admit, that the same telescope, which could shew 
the spherical form of balls, which subtended only a few tenths 
of a second in diameter, would surely not have represented a 
cometary disk as circular, if it had been as deficient as are the 
figures which give the calculated appearances. 

If these remarks are well founded, we are authorised to 
conclude, that the body of the comet on its surface is self- 
luminous, from whatever cause this quality may be derived. 
The vivacity of the light of the comet also, had a much greater 
resemblance to the radiance of the stars, than to the mild re¬ 
flection of the sun's beams from the moon, which is an addi¬ 
tional support of our former inference. 

The changes in the brightness of the small stars,when they 
are successively immerged in the tail or coma of the comet, 
or cleared from them, prove evidently, that they are smiLi- 
entlv dense to obstruct the free passage of star-light. Indeed 
if the tail or coma were composed of particles that reflect the 
light of the sun, to make them visible we ought rather to ex¬ 
pect, that the number of solid reflecting particles, required 
for this purpose, would entirely prevent our seeing any stars 
through them. But the brightness of the head, coma, and tail 
alone, will sufficiently account for the observed changes, if 
we admit that they shine nut by reflection, but by their own 
radiance ; for a faint object projected on a bright ground, or 
seen through it, will certainly appear somewhat fainter, al¬ 
though its rays should meet with no obstruction in coming to 

* See Phil. Trans for 1805, page 38, the 5th e'cpeiinrnt. 
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the eye. Now, as in this case, we are sure of the bright in¬ 
terposition of the parts of the comet, but have no knowledge 
of floating particles, we ought certainly, not to ascribe an 
effect to an hypothetical cause, when the existence of one, 
quite sufficient to explain the phenomena, is evident. 

If we admit that the observed full illumination of the disk 
of the comet cannot be accounted for from reflection, we may 
draw the same conclusion, with respect to the brightness of 
the head, coma, and tail, from the following consideration. 
The observation of the 2d of February mentions that not only 
the head and coma were still very bright, but that also the 
faint remains of the tail were still visible; but the distance of 
the comet from the earth, at the time of observation, was 
nearly 240 millions of miles,* which proves, I think, that no 
light reflected from floating particles could possibly have 
reached the eye, without supposing the number, extent, and 
density of these particles, far greater than what can be ad¬ 
mitted. 

My last observation of the comet, on the 21st of February, 
gives additional support to what has been said ; for at the 
time of this observation, the comet was almost 2,9 times 
the mean distance of the sun from the earth.-f It was also 
nearly 2,7 from the the sun.]; What chance then could rays 
going to the comet from the sun, at such a distance, have to 
be seen after reflection, by an eye placed at more than 275 
millions of miles § from the comet? And yet the instant the 

* 239894939. 

f The sun’s mean distance being i, that of the comet was 2,89797. 

J The comet’s distance from the sun was 2,68,3196. 

§ 275077889. 
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comet made its appearance in the telescope, it struck the eye 
as a very conspicuous object. 

The immense tails also of some comets that have been ob¬ 
served, and even that'of the present one, whose tail, on the 
28th of October, was expanded over a space of more than 9 
million of miles,* may be accounted for more satisfactorily, 
by admitting them to consist of radiant matter, such as, for 
instance, the aurora borealis, than when we unnecessarily as¬ 
cribe their light to a reflection of the sun's illumination thrown 
upon vapours supposed to arise from the body of the comet. 

By the gradual increase of the distance of our comet, we 
have seen that it assumed the resemblance of a Nebula; and 
it is certain, that had I met with it in one of my sweeps of the 
zones of the heavens, as it appeared on either of the days 
between the 6th of December, and the 21st of February, it 
would have been put down in the list I have given of nebulae. 
This remark cannot but raise a suspicion that some comets 
may have actually been seen under a nebulous form, and as 
such have been recorded in my catalogues; and were it not 
a task of many years labour, I should undertake a review of 
all my nebulae, in order to see whether any of them were 
wanting, or had changed their place, which certainly w'ould 
be an investigation that might lead to very interesting con¬ 
clusions. 

Account of a new irregularity lately perceived in the apparent 
Figure of the Planet Saturn. 

The singular figure of Saturn, of which I have given an 
account in two papers, has continued, for several reasons, to 

* 9160542. 
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claim my attention. When I saw the uncommon flattening 
of the polar regions of this planet, in the 40-feet telescope, I 
ascribed it to the attractive matter in the ring,* and of its ten¬ 
dency to produce such an effect we can have no doubt; but 
as another circumstance, which was also noticed, namely, an 
apparent small flattening of the equatorial parts, cannot be 
explained on the same principles, I wished to ascertain what 
physical cause might be assigned for this effect, and with a 
\iew to an investigation of this point, I have continued my 
observations. The position of the ring, at the last appearance 
of the planet, however, proved to be quite unfavourable for 
the intended purpose; for the very parts, which I was desi¬ 
rous of inspecting, were covered by the passage of the ring 
over the disk of the planet in front, or were projected on the 
ring, where it passed behind the body. 

In my attempts to pursue this object, I perceived a new 
irregularity in the Saturnian figure, which, I am perfectly 
assured, had no existence the last time I examined the planet, 
and the following observations contain an account of it. 

Observations. 

June 16, 1807. The two polar regions of Saturn are at 
present of a very different apparent shape. The northern 
regions, as in former observations are flattened; but the 
southern are more curved or bulged outwards. 

I asked my son John Herschel, who after me looked at 
Saturn while I was writing down the above observation, if he 
perceived that there was a difference in the curvature of the 
north and south pole, and if he did, to mark on a slate how 

* See Phil. Trans, for 1805, page 276. 
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it appeared to him. When I examined the slate, I found that 
he had exactly delineated the appearance I have described. 

In a letter to a very intelligent astronomical friend,* who 
has one of my 7-feet reflectors, I requested the favour of him 
to examine both the polar regions of Saturn, and to let me 
know whether he could perceive any difference in the appear¬ 
ance of their curvature; in answer to which I received, the 
23d of June, a letter inclosing a drawing, in which also the 
southern regions were marked as more protuberant, with a 
greater falling off close to the irregularity. My friend, with 
his usual precaution, called this an illusion; and it will be 
seen by and by, that we shall have no occasion to ascribe 
this irregularity to a real want of due proportion, or settled 
figure of the polar regions of Saturn. 

June 22, 9 h 24/. I see the same curved appearance at the 
south pole of Saturn, which was observed the 16‘th. 

June 24. The air is very clear, and all the most critical 
phenomena are very distinctly to be seen ; the shadow of the 
ring towards the south upon the planet; the shadow of the body 
towards the north-following side upon the ring ; the belts upon 
the body; the division of the two rings; and with the same 
distinctness, I also see the protuberance of the south pole. 

My seeing this appearance, at present, is a proof that it is 
not a physical irregularity or distortion of only some parti¬ 
cular spot on the polar regions; for, in that case, it could not 
have been seen this evening, as from the rotation of the planet 
on its axis, which is io h 1 6', the space of the polar circle 
which is now exposed to our view, must have been very dif¬ 
ferent from what I saw the 16th and 22d. 

* Dr. WiiSON of Hampstead, late Professor of Astronomy at Glasgow. 
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Many observations were made afterwards, which all con¬ 
firm the reality of this appearance. 

It is so natural for us to reflect upon the cause of a new 
phenomena, that I cannot forbear giving an opinion on this 
subject. To suppose a real change in the whole zone of the 
planet, cannot be probable; it seems therefore that this ap¬ 
pearance must be, as my friend calls it, an illusion. But since 
the reality of this illusion, if I may use the expression, has 
been ascertained by observation, it is certain that there must 
be some extrinsic cause for its appearance; and also that the 
same cause must not act upon the northern hemisphere. Now 
the only difference in the circumstances under which the two 
polar regions of Saturn were seen in the foregoing observa¬ 
tions is the situation of its ring, which passes before the planet 
at the south, but behind at the north. The rays of light there¬ 
fore which come to the eye from the very small remaining 
southern zone of the saturnian globe, pass at no great distance 
by the edge of the ring, while those from the north traverse 
a space clear of every object that might disturb their course. 
If therefore we are in the right to ascribe the observed illu¬ 
sion to an approximate interposition of the ring, we have, in 
the case under consideration, only two known causes that can 
modify light so as to turn it out of its course, which are in¬ 
flection and refraction. The insufficiency of the first to ac¬ 
count for the lifting up of the protuberant small segment of 
the northern regions will not require a proof. The effects of 
refraction on the contrary are known to be very considerable. 
Let us therefore examine a few of the particulars of the case. 
The greatest elevation of the visible segment above the ring 
did not amount to more than one second and three or four 
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tenths. Then supposing the ring, the edge of which is pro¬ 
bably of an elliptical figure, to have a surrounding atmosphere, 
it will most likely partake of the same form, and the rays 
which pass over its edge will undergo a double refraction : 
the first on their entrance into this atmosphere, and the se¬ 
cond at their leaving it, and these refractions seem to be suf¬ 
ficient to produce the observed elevation. For should they 
raise the protuberant appearance only half a second, or even 
less, the segment could no longer range with the rest of the 
globe of Saturn, but must assume the appearance of a different 
curvature or bulge outwards. 

The refractive power of an atmosphere of the ring has 
been mentioned in a former paper,* when the smallest satel¬ 
lites of Saturn were seen as it were bisected by the narrow 
luminous line under which form the ring appeared when the 
earth was nearly in the plane of it; and the phenomenon, of 
which the particulars have now been described, appears to be 
a second instance in support of the former. 

* See Phil. Trans, for 1790, page 7. 
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XIII. Hydraulic Investigations, subservient to an intended Croo- 
nian Lecture on the Motion of the Blood. By Thomas 
Young, M. D. For. Sec. R. S. 

Read May 5, 1808. 

I. Of the Friction and Discharge of Fluids running in Pipes, 
and of the Velocity of Rivers. 

Having lately fixed on the discussion of the nature of in¬ 
flammation, for the subject of an academical exercise, I found 
it necessary to examine attentively the mechanical principles 
of the circulation of the blood, and to investigate minutely 
and comprehensively the motion of fluids in pipes, as affected 
by friction, the resistance occasioned by flexure, the laws of 
the propagation of an impulse through the fluid contained in 
an elastic tube, the magnitude of a pulsation in different parts 
of a conical vessel, and the effect of a contraction advancing 
progressively through the length of a given canal. The phy¬ 
siological application of the results of these inquiries I shall 
have the honour of laying before the Royal Society at a future 
time ; but I have thought it advisable to communicate, in a 
separate paper, such conclusions, as may be interesting to 
some persons, who do not concern themselves with disqui¬ 
sitions of a physiological nature; and I imagine it may be as 
agreeable to the Society that they should be submitted at pre¬ 
sent to their consideration, as that they should be withheld until 
the time appointed for the delivery of the Croonian Lecture. 

It has been observed by the late Professor Robison, that 
ihe comparison of the Chevalier Dubuat’s calculations with 
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his experiments is in all respects extremely satisfactory; that 
it exhibits a beautiful specimen of the means of expressing the 
general result of an extensive series of observations in an 
analytical formula, and that it does honour to the penetra¬ 
tion, skill, and address of Mr. Dubuat, and of Mr. de St. 
Honore', who assisted him in the construction of his expres¬ 
sions. I am by no means disposed to dissent from this enco¬ 
mium; and I agree with Professor Robison, and with all 
other late authors on hydraulics, in applauding the unusually 
accurate coincidence between these theorems and the experi¬ 
ments from which they were deduced. But I have already 
taken the liberty of remarking, in my lecture on the history 
of hydraulics, that the form of these expressions is by no means 
so convenient for practice as it might have been rendered; 
and they are also liable to still greater objections in particular 
cases, since, when the pipe is either extremely narrow, or 
extremely long, they become completely erroneous: for 
notwithstanding Mr. Dubuat seems to be of opinion, that a 
canal may have a finite inclination, and yet the water con¬ 
tained in it may remain perfectly at rest, and that no force 
can be sufficient to make water flow in any finite quan¬ 
tity through a tube less than one twenty-fifth of an inch 
in diameter, it can scarcely require an argument to show that 
he is mistaken in both these respects. It was therefore neces¬ 
sary for my purpose to substitute, for the formulae of Mr. 
Dubuat, others of a totally different nature ; and I could fol¬ 
low Dubuat in nothing but in his general mode of considering 
a part of the pressure, or of the height of a given reservoir, 
as employed in overcoming the friction of the pipe through 
which the water flows out of it; a principle, which, duct of his 
original invention, was certainly first reduced by him into a 
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practical form. By comparing the experiments, which he lias 
collected, with some of Gerstner, and some of my own, I 
have ultimately discovered a formula, which appears to agree 
fully as well as Dubuat’s, with the experiments from which 
his rules were deduced, which accords better with Gerstner’s 
experiments, which extends to all the extreme cases with equal 
accuracy, which seems to represent more simply the actual 
operation of the forces concerned, and which is direct in its 
application to practice, without the necessity of any successive 
approximations. 

I began by examining the velocities of the water,discharged, 
through pipes of a given diameter, with different degrees of 
pressure; and I found that the friction could not be represented 
by any single power of the velocity, although it frequently 
approached to the proportion of that power, of which the ex¬ 
ponent is 3.8; but that it appeared to consist of two parts, the 
one varying simply as the velocity, the other as its square. 
The proportion of these parts to each other must however 
be considered as different, in pipes of different diameters, 
the first part being less perceptible in very large pipes, or in 
rivers, but becoming greater than the second in very minute 
tubes, while the second also becomes greater, for each given 
portion of the internal surface of the pipe, as the diameter is 
diminished. 

If we express, in the first place, all the measures in French 
inches, calling the height employed in overcoming the friction 
/, the velocity in a second v , the diameter of the pipe d , and 
its length /, we may make f =a^v 1 -|- 2 c~v\ for it is ob¬ 
vious that the friction must be directly as the length of the 
pipe; and since the pressure is proportional to the area of the 
section, and the surface producing the friction to its circumfe- 
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rence or diameter, the relative magnitude of the friction must 
also be inversely as the diameter, or nearly so, as Dubuat has 
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being the sine of the inclination, and d four times the hydraulic 
mean depth ; and since e is here = -, v — ^^ . !s+cc) ~~ c and in 
most rivers, v becomes nearly ^(20000 ds). 

In order to show the agreement of these formulas with 


the result of observation, I have extracted, as indiscriminately 
and impartially as possible, forty of the experiments made 
and collected by Dubuat ; I have added to these some of 
Gerstner's, with a few of my own; and I have compared the 
results of these experiments with Dubuat's calculations, and 
with my own formulae, in separate columns. There are six 
of Dubuat 's experiments which he has rejected as irregular, 
apparently without any very sufficient reason, since he has 
accidently mentioned that some of them were made with 
great care : I have therefore calculated the velocities for these 
experiments in both ways, and compared the results in a se¬ 
parate table. 
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Tabular Comparison of Hydraulic Experiments. 
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Log. 

ratio. 

Y. 

I Lo y 1 

j ratio, j 

*i 7 X 

C 

l 7 X 

1 ! 
4/ OOoOeL) j 

262.5 

357 2 3 

15.96 

12.56? 

! 

10*531 

.0776 

1 1.10 

1 0 537 | 

424 

95 2 

III 

258.5 

1 64!3 31 - 7 / 

26.63 - f 

i 28 76j.0334i28.02 

(.02 2 I j 

424 

952 

28.3 

92 4 

(21827 

j 961 

7 -oi? 

8 - 3 8 

,*°775 

[ 8.14 

[.0649 

415 

914 

9-3 

75 6 

I27648 

7.27 

5.07? 

6.55! 

.1112 

6.27; 

1-09*3! 

413 

887 

7-5 

17.6 

00 

00 

On 

! 

5.70 

5.86 

.0120 

5 97 

10291; 

376 

4 65 

6.1 

16.4 

43 2 


32 52 

31.61 

,oi24!3o.67 : 

° 2 55 ' 

374 

451 

27 6 

11 7 

1412 


14.17 

I 3 - 59 ; 

.0182; 

1405 

°o 3 7 i 

560 

416 

I 2.2 

9.9 

427 

i 

22.37 

2 4 - 37 j 

•° 3 7 2 ', 2 4 - 4 i 

03 '9 

355 

414 

21.; 

5.8 

212 

__1 

27 51 

27 19 

.0051 

27 - 3 - 4 ! 

00^7’ 

^32 

4661 

2^.5 


Couplet 


IBossut 


Dubuat 


,*•33 


2416 ; 


1667 


125 


[43200 

,84240 


2160 

1080 

360 

2160 

1080 

360 

600 

737 


117 

3 6 - 2 5 j 

36.25 

34 -»7 


145 08 39.1640 5 i|.oi 48 | 


25.00 

i 6 -75 

5.58 

2 4 

12 

24 

24 j 

12 ! 
2 4 
24 
12 
4 

2 3-7 

12.2 

4.2 

36 

18 

53*25 


41 . 25 I 73.8173 90 ; 
20 17 51 96 50 14 
5 0023.4023 19 
.83 7.58 8 22 
51.25 64-37 64.95. 
38.7554 1955.32 
J 5 2 9 33-38 33-17 
2 04 10 62 io. 49 j 
4 2 -i745 47 46.21 
35-33 4 1 -6i 4’ 7 1 
1458 26.20 25.52 
2.08 7 32 8 35 ! 


j Log. 
ratio. 


°49°j 

.0115 

|.°°75 

0082 


5 32 5 . 29!.00241 
4 13 4- 2 3j- 010 3 
2.01 2 . 25 ! 

I24.73 24.o8j 
'16.38 16.10 

|35-77 35- IO , . 

58.9058 8o:.ooo7j 
12.56 12.75! 0065 
28 08 28 2 ij.0020 
48.5349.52l.0088 
22.28 21.98 0055 
12 22 11 761.0167 
[28.67 29 41 !oi 11 
19 9919 951.0009! 
10.5010.66j.0041! 

84 95 85 . 52 j .0029 
58 . 3158 . 47 j. 0014 ! 

85 77 85 20; 0029* 
j.0005 

0155 

0039 
.042 oj 
.0031 

.0090 


o 57 2| 


Y. 


3 8 49 
5 49 
4 21 , 
2.01; 
24 . 76 ; 
16 86 ,. 
35 05' 
56 85 , 
13 . 28 !. 
28 . 84 : 
48.66 

22 83 
11.92 

30.11 
20 67 
10 90 ! 

83.12 
58.41 
85 71 

74 67. 

50 87 

2 3 °9| 

7-22 

64 08 

. 54 93 

.0028 32 67 
.0053 9.241 

0070 45 88 j 
0010 4 1 55 
0114 2494 
6 . 9 8 | 


Log. 
rat.o. 

00 75 j 376 
0065 ; 326 
'■ 0083 ! 
.o;ooj 
.0006 
.0125 
.0089 
.0154 
0242 
01 x 6 [ 

001 
0106 
.0108 
0213 
0145 
0137 ] 

C069] 

.OOl 2j 
.COO 3 

.0050, 
.0093! 
OO58I 
02 12 
002 1 
O 055 
oc 9 * 
c6o.^ 

0039 
.coc6 
0214 
0206 




287 


270 


259 


3°9 


402 


518 


469 

492 


747 

919 

1063 

2268 

2827 

34°5 


(Mean .0178 (Mean 
~ L. §, 042 ) — L. 


0169 
1 040 ) 
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Observers. 

d. 

l. 

b. 

V. 

Dub. 

Log. 

rat. 

y. 

Log. 

a. 

c 

Gerstnhr, 











at 5 5-5°F. 

.2 

6 3 

10.7 

24 2 

2 3 9 

.006 

24 1 

.002 

349 

2 533 




77 

21 0 

19 9 

.023 

19.1 

.042 






4-7 

15.8 

14.9 

.026 

* 3-9 

.056 






1 '7 

7-5 

8.2 

•039 

6 9 

.036 






•7 

2.5 

5 *° 

.301 

3 4 

• 1 33 




•133 

33 

10.7 

27.1 

2 34 

.064 

22.5 

.081 

4 SS 

3 2 59 ' 




7*7 

23 2 

19.4 

•° 77 

18.5 

.098 






47 

15.4 

14.6 

.024 

* 3-5 

.058 






*7 

5 6 

8.1 

.160 

6*7 

.078 




.0674 


•7 

2 3 

46 

.301 

3*4 

.169 




33 

10.7 

10.0 

89 

.051 

10.1 

.004 

975 

5700 




77 

7.2 

7-4 

.012 

8,2 

•0 57 






47 

4-5 

5.6 

•°95 

5.6 

•°95 






>7 

*•5 

3 *« 

.316 

2.5 

.222 


! 




•7 

•5 

1.8 

*444 


• 34 2 








(Mean 

• izg~ 

2L.1.346 

.0982 

zL.1.25 

4 ) 

y. At 6o°. 

* 

850 

3 2 -4 

H 4 °j 

0 

CO 

! l 3 - 3 * j 

.032 

2956; 

1 13882 


rbr 

3 * 4 2 

30.0 

*53 



.52 

008 j 

13404452100 



1 .17 

5.8 

.27] 



• 5 ° 1 

.046 1 










(Mean 

.02922 

L.i.cfiS) 

Dubuat 

2 

1 

[255.25 

36 35 

86.3 J 

84.2 1 

.011 

79*7 

u,- 

287 

747 


1 

24 

36.25 

122.59 

117.8 

.018 

120.8 

1 *°°7 

2 59 

1063 




27 

106 45 

101.1 

.022 

104 l 

.010 






18 

84 85 

82 2 

.013 

84.8 

.000 j 






! 9 

59- 2 5 

57 5 

.013 

59 7 

.004 





4 

27.08 

118 67 

111.5 

.02 7 

118.5 1 

.000 I 








(Mean 

•°i7 = 

;L.1,041 

.009— 

L.1.022) 


It appears from this comparison, that in the forty experi¬ 
ments extracted from the collection, which served as a basis 
for Dubuat's calculations, the mean error of his formula 
is - r - of the whole velocity, and that of mine ~ only; but 
if we omit the four experiments, in which the superficial 
velocity only of a river was observed, and in which I have 
calculated the mean velocity by Dubuat's rules, the mean 
mdcccviii. Z 
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error of the remaining 3 6 is -j T , according to my mode of 
calculation, and ~ according to Mr. Dubuat’s ; so that on 
the whole, the accuracy of the two formulas may be con¬ 
sidered as precisely equal with respect to these experiments. 
In the six experiments which Dubuat has wholly rejected, 
the mean error of his formula is about — 1 and that of 

2 4 ’ 

mine . In fifteen of Gerstner’s experiments, the mean 
error of Dubuat’s rule is one third, that of mine one fourth; 
and in the three experiments which I made with very fine 
tubes, the error of my own rules is one fifteenth of the whole, 
while in such cases Dubuat’s formulae completely fail. I have 
determined the mean error by adding together the logarith¬ 
mic ratios of all the results, and dividing the sum by the 
number of experiments. It would be useless to seek for a 
much greater degree of accuracy, unless it were probable that 
the errors of the experiments themselves were less than those 
of the calculations ; but if a sufficient number of extremely 
accurate and frequently repeated experiments could be ob¬ 
tained, it would be very possible to adapt my formula still 
more correctly to their results. 

In order to facilitate the computation, I have made a table 
of the coefficients a and c for the different values of d , all the 
measures being still expressed in French inches. 
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Table of Coefficients for French Inches. 


d 

a 

• I 7 X 

c 

• i 7 X 

d 

a 

i 7 X 

c 

■ i 7 X 

d 

a 

•I 7 X 

c 

• l 7 X 

d 

a 

. I 7 X 

c 

• 1 7 X 

00 

43 ° 

900 

40 

400 

719 

4 

3*9 

5 4 ° 


257 

1717 

500 

427 

943 

3 ° 

393 

618 

3 

3°5 

6 ‘ 7 d 

268 

1895 

400 

426 

946 

25 

387 

560 

2.5 

296 

687 

•3 

279 

2008 

3 °° 

423 

950 

20 

380 

492 

2 

288 

75 1 


3°3 

2225 

200 

421 

95 1 

*5 

37 ° 

427 

i -5 

2 75 j 

866 

.2 

349 

2532 

100 

416 

923 

10 

354 

4*4 

1 

259 

1063 

r 

402 

2827 

9° 

4*5 

911 

9 

35 ° 

421 

•9 

2 55 

1123 

•*5 

440 

3026 

80 

4*3 

896 

8 

345 

433 

.8 

252 

ii 93 

T 

! 45 8 

3116 

70 

i 4 IQ 

872 

! 7 

34 ° 

440 

•7 

249 

1278 


518 

34 °S 

60 

4° 8 

840 

6 

335 

462 

.6 

248 

*384 

4 

589 

( 3693 

5 ° 

406 

79 2 

5 

325 

S» 2 

•5 

249 

‘ 5 2 4 | 

. I 

646 

|39 8 5 


For example, in the last experiment, where d is 1 , / 4 , and 
h 27 . 1 , we have a = . 0000259 , b — a +' ,ooi »2 =5 ' 6 , c — 
. 0001063 , e =ibcl:d= . 22 , and v = \/ (bh-\-e*) — e = 118 . 46 , 
which agrees with the experiment within -jT- of the whoie. 

I had at first employed for a the formula - d + “jr + £ 
but I found that the value, thus determined, became too great 
when d was about 20 , and too small in some other cases. 
Coulomb’s experiments on the friction of fluids, made by 
means of the torsion of wires, give about .00014 for the value 
of c, which agrees as nearly with this table, as any constant 
number could be expected to do. I have however reason to 
think, from some experiments communicated to me by Mr. 
Robertson Buchanan, that the value of a, for pipes about 
half an inch in diameter, is somewhat too small ; my mode of 
calculation, as well as Dubuat’s, giving too great a velocity 
in such cases. 

If any person should be desirous of making use of Du¬ 
buat’s formula, it would still be a great convenience to begin 

Z 2 
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by determining v according to this method ; then, taking 
b = -—4 -o, or rather, as Langsdobf makes it, b—-. - 

b —v : 478 * ’ J b— v*:+8z 

to proceed in calculating v by the formula v =148.5 


( Vd- .2 ). - .6 ) - - 001 )> since this determi- 

nation of b will, in general, be far more accurate than the 


simple expression b - 


. 1 4 - 45 ^ 


, and the continued repetition of 


the calculation, with approximate values of v, may thus be 
avoided. Sometimes, indeed, the values of v found by this 
repetition, will constitute a diverging instead of a converging 
series, and in such cases, we can only employ a conjectural 
value of v, intermediate between the two preceding ones. 

Having sufficiently examined the accuracy of my formula, 
I shall now reduce it into English inches, and shall add a se¬ 
cond table of the coefficients, for assisting the calculation. In 

this case, a becomes .0000001 (413 + ^ ; * 8 ° ^ 


c =.0000001 ( 


geo dd 
dd -j- 11 36 


+ ^(1085 + ^ + 


1 0563\ 

dd j 


<* + •355 r 
and b = 


7rh r —i ’ e bein e IT’ and v = s/(bh+f) - e, or = 
v/(-j+ ^, as before; and in either case the superficial 


velocity of a river may be found, very nearly, by adding to the 
mean velocity v its square root, and the velocity at the bottom 
by subtracting it. 
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Table of Coefficients, for English Inches. 


d. 


c. 

■* 7 x 

d. 

a. 

I 7 X 

c. 

- 17 X 

d. 

a. 

• I 7 X 

c. 

• i 7 X 

d. 

a. 

• 1 7 X 

c. 

. I 7 X 

00 


900 

40 

323 

6q8 

4 

306 

556 

•4 

254 

1779 

500 

410 

944 

30 

377 

597 

3 

292 

635 


268 

1 963 

400 

409 

948 

2 5 

371 

526 

2 5 

284 

694 

■3 

280 

2082 

300 

406 

95 1 

20 

3 6 4 

482 

2 

2 77 

774 

£ 

3°5 

2307 

200 

404 | 

95* 

*5; 

354 

430 

*-5 

266 

894 

.2 

354 

2631 

IOO; 

399 

918 

io’ 

339 

4i3 

1 

251 

1099 

b 

4° 9 

2943 

90 

398 

9°3 

9 . 

33 6 

421 

•9 

248 

1 161 

• 1 5 

447 

3*5° 

So 

39 6 

885 

8, 

33 1 

433 

' .8 

245 

1234 

r 

466 

325* 

70 

393 

860 

7 ' 

327 

; 449 

•7 

243 

1 322 

k 

528 

; 3558 

60 

39 1 

S25 

1 6 i 

322 

471 

.6 

243 

*433 

f 

i 599 

3866 

5 ° 

3 8 9 

772 

1 51 

3 12 

1 507 

1 -5 

245 

* 57 8 

1 •* 

1 657 

l 4‘ 8 3 


II. Of the Resistance occasioned by Flexure in Pipes or Rivers. 

Mr. Dubuat has made some experiments on the effect of 
the flexure of a pipe in retarding the motion of the water flow¬ 
ing through it; but they do not appear to be by any means suf¬ 
ficient to authorise the conclusions which he has drawn from 
them. He directs the squares of the sines of the angles of 
flexure to be collected into one sum, which, being multiplied 
by a certain constant coefficient, and by the square of the 
velocity, is to show the height required for overcoming the 
resistance. It is, however, easy to see that such a rule must 
be fundamentally erroneous, and its coincidence with some 
experiments merely accidental, since the results afforded by 
it must vary according to the method of stating the problem, 
which is entirely arbitrary. Thus it depended only on Mr. 
Dubuat to consider a pipe bent to an angle of 144 0 as con¬ 
sisting of a single flexure, as composed of two flexures of 
72° each, or of a much greater number of smaller flexures, 
although the result of the experiment would only agree with 
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the arbitrary division into two parts, which he has adopted. 
This difficulty is attached to every mode of computing the 
effect either from the squares of the sines or from the sines 
themselves; and the only way of avoiding it is to attend 
merely to the angle of flexure as expressed in degrees. It is 
natural to suppose that the effect of the curvature must increase, 
as the curvature itself increases, and that the retardation 
must be inversely proportional to the radius of curvature, 
or very nearly so ; and this supposition is sufficiently con¬ 
firmed, by the experiments, which Mr. Dubuat has em¬ 
ployed in support of a theory so different. It might be 
expected that an equal curvature would create a greater 
resistance in a larger pipe than in a smaller, since the in¬ 
equality in the motions of the different parts of the fluid is 
greater; but this circumstance does not seem to have in - 
fluenced the results of the experiments made with pipes of an 
inch and of two inches diameter: there must also be some 
deviation from the general law, in cases of very small pipes 
having a great curvature, but this deviation cannot be 
determined without further experiments. Of the 25 which 
Dubuat has made, he has rejected 10 as irregular, because 
they do not agree with his theory: indeed 4 of them, which 
were made with a much shorter pipe than the rest, differ so 
manifestly from them that they cannot be reconciled : but 5 
others agree sufficiently, as well as all the rest, with the theory 
which I have here proposed, supposing the resistance to be as 
the angular flexure, and to increase besides almost in the same 
proportion as the radius of curvature diminishes, but more 
nearly as that power of the radius of which the index is 
Thus if p be the number of degrees subtended at the centre of 
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flexure, and q the radius of curvature of the axis of the pipe 

in French inches, we shall have r = —^-nearly, or, more 

accurately, r = •o ogoo^/yV . These calculations are compar¬ 
ed with the whole of Dubuat's experiments in the following 
table. 


Table of Experiments on the Resistance occasioned by Flexure . 


p 

9 

V 1 

r 

B. 

V. 1 

Y. 2 

j P 

9 

v x 

r 

B. 

Y. 1 

Y.2 

28S 

3.22 

15030 

4-75 


6.71 

6.98 

288 

3-22 

34*5 

1.50 

*•57 

1.52 

I.58 



i 1 13 ° 

3 - 5 ° 


5.06 

5.26 

*44 



•75 

.78 

.70 

•79 



7199 

2.33 


3.21 

3-34 

• 72 



•37 

-39 

.38 

•39 



35 10 

1.08 


1.56 

1.62 

.196.5 

6.12 


•75 

.78 

•55 

.62 

216 


7216 

2.49 

2.49 

2.42 

2.52 

112.c 

■53 


1.50 


3 63 

3.00 

>44 



1.50 

1.66 

1 t>i 

1.67 

720 

3.22 

5125 

5 - 9 ° 

5.90 

5.72 

5-95 

72 



•75 

•S 3 

.80 

•83 

288 


3458 

1.64 

1.59 

1.54 

1.60 

196.5 

6.12 


1.50 

1.66 

1.16 

i- 3 * 



860 

.41 

.40 

•38 

i -40 

147.4 



1.12 

1.24 

.87 

.98 



821 

•39 

•38 

•37 

; .38 

9 8 -3 


! 

•75 

•83 

.58 

.65 

J288 

4.10 

3448 

* 33 


1.21 

1.30 

49.1 



•37 

.41 

1 .29 

■33 

294.8 


7449 

0 

On 

N 


2.59 

12.78 

112.5 

■53 


6.00 


7.68 

6.36 

9-9 I 


8.64 


: 


99 


5 9 ° 


6.74 

5.60 

360 

4.1 l 



8.08 

8.62 

288 j 

3-2zj 

34 1 5 l 

1.50 

‘•57 

1.52 

1.58 

112.5 

*1 J 





1 


In the last three experiments, the diameter of the pipe was 
two inches. The radius of curvature is not ascertained within 
the tenth of an inch, as Dubuat h*as not mentioned the thick¬ 
ness of the pipes. The mean error of his formula in fifteen 
experiments, and of mine in twenty, is of the whole. 
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IIL Of the Propagation of an Impulse through an elastic Tube. 

The same reasoning, that is employed for determining the 
velocity of an impulse, transmitted through an elastic solid or 
fluid body, is also applicable to the case of an incompressible 
fluid contained in an elastic pipe; the magnitude of the modulus 
being properly determined, according to the excess 6f pressure 
which any additional tension of the pipe is capable of pro¬ 
ducing ; its height being such, as to produce a tension, which 
is to any small increase of tension produced by the approach 
of two sections of the fluid in the pipe, as their distance to its 
decrement: for in this case the forces concerned are precisely 
similar to those which are employed in the transmission of an 
impulse through a column of air enclosed in a tube, or through 
an elastic solid. If the nature of the pipe be such, that its 
elastic force varies as the excess of its circumference or dia¬ 
meter above the natural extent, which is nearly the usual 
constitution of clastic bodies, it may be shown that there is a 
certain finite height which will cause an infinite extension, and 
that the height of the modulus of elasticity, for each point, is 
equal to half its height above the base of this imaginary 
column; which may therefore be called with propriety the 
modular column of the pipe : consequently the velocity of an 
impulse will be at every point equal to half of that which is 
due to the height of the point above the base; and the velocity 
of an impulse ascending through the pipe being every where 
half as great as that of a body falling through the correspond¬ 
ing point in the modular column, the whole time of ascent 
will be precisely twice as great as that of the descent of the 
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falling body ; and in the same manner if the pipe be inclined, 
the motion of the impulse may be compared with that of 
a body descending or ascending freely along an inclined 
plane. 

These propositions may be thus demonstrated : let a be the 
diameter of the pipe in its most natural state, and let this dia¬ 
meter be increased to b by the pressure of the column c , the 
tube being so constituted that the tension may vary as the 
force. Then the relative force of the column c is represented 
by be, since its efficacy increases, according to the laws of 
hydrostatics, in the ratio of the diameter of the tube ; and this 
force must be equal, in a state of equilibrium, to the tension 
arising from the change from a to b, that is, to b — a ; conse¬ 
quently the height c varies as ; and if the tube be en¬ 


larged to any diameter x , the corresponding pressure required 
to distend it will be expressed by a height of the column equal 


to 1 — 


since 


: c : : 


be 


b - 


• Now 


be 

if the diameter be enlarged in such a degree, that the length 
of a certain portion of its contents may be contracted in the 
ratio 1 : l —r, r being very small, then the enlargement will 

be in the ratio l : l +1 , that is, x' will be ^ ; but the incre¬ 
ment of the force, or of the height, is — . r~-, which will 


become —. . Now in a tube filled with an elastic fluid, 

zx b. — a 

the height being h , the force in similar circumstances would 
be rh , and if we make h = A the velocity of the pro¬ 


pagation of an impulse will be the same in both cases, and 

A a 


MDCCCVIII. 
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will be equal to the velocity of a body which has fallen 
through the height ~ b. Supposing x infinite, the height 
capable of producing the necessary pressure becomes 
which may be called g, and for every other value of x this 
height is (1 — ~ x ) g, or g — f', or, since b becomes ~,g— 
2 l, so that b is always equal to half the difference between 
g and the actual height of the column above the given point, 
or to half the height of the point above the base of the 
column. 

If two values of x, with their corresponding heights, are 
given, as b and x, corresponding to c and d, and it is required 

to find a ; we have —r— : c : : —7— : d, dbx—dax = cbx- 


, , dhx—cbx 

eba, and a = - dx _ 


b 

b 

or -= 


dx—cb 

dx — ex' 


Thus if the height 


equivalent to the tension vary in the ratio of any power m 
of the diameter, so that, n being a small quantity, x = b 

h be ((1 + n). (1 + mn )—1 ) 

(i+»)and<* = c(i + mn), - - ( - + n) (i - mB _ ( ,- 

— - since the square of n is evanescent, and b - = ~~ . 

mn 9 

For example, if m = 4, b - = |, and if m = 2, ^ ^ :: 3 : 2. 


IV. Of the Magnitude of a diverging Pulsation at different 
Points . 

The demonstrations of Euler, Lagrange, and Bernoulli, 
respecting the propagation of sound, have determined that 
the velocity of the actual motion of the individual particles of 
an elastic fluid, when an impulse is transmitted through a 
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conical pipe, or diverges spherically from a centre, varies in 
the simple inverse ratio of the distance from the vertex or 
centre, or in the inverse subduplicate ratio of the number of 
particles affected, as might naturally be inferred from the 
general law of the preservation of the ascending force or 
impetus, in all cases of the communication of motion between 
elastic bodies, or the particles of fluids of any kind. There 
is also another way of considering the subject, by which a 
similar conclusion may be formed respecting waves diverging 
from or converging to a centre. Suppose a straight wave 
to be reflected backwards and forwards in succession, by two 
vertical surfaces, perpendicular to the direction of its motion ; 
it is evident that in this and every other case of such reflec¬ 
tions, the pressure against the opposite surfaces must be 
equal, otherwise the centre of inertia of the whole system 
of bodies concerned would be displaced by their mutual ac¬ 
tions, which is contrary to the general laws of the proper¬ 
ties of the centre of inertia. Now if, instead of one of the 
surfaces, we substitute two others, converging in a very acute 
angle, the wave will be elevated higher and higher as it ap¬ 
proaches the angle: and if its height be supposed to be every 
where in the inverse subduplicate ratio of the distance of 
the converging surfaces, the magnitude of the pressure, re¬ 
duced to the direction of the motion, will be precisely equal 
to that of the pressure on the single opposite surface, which 
will not happen if the elevation vary inversely in the simple 
ratio of the distance, or in that of any other power than its 
square root. This mode of considering the subject affords 
us therefore an additional reason for asserting, that in all 

A a 2 
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transmissions of impulses through elastic bodies, or through 
gravitating fluids, the intensity of the impulse varies inversely 
in the subduplicate ratio of the extent of the parts affected 
at the same time ; and the same reasoning may without doubt 
be applied to the case of an elastic tube. 

There is however a very singular exception, in the case of 
waves crossing each other, to the general law of the preser¬ 
vation of ascending force, which appears to be almost suffi¬ 
cient to set aside the universal application of this law to the 
motions of fluids. It is confessedly demonstrable that each 
of two waves, crossing each other in any direction, will pre¬ 
serve its motion and its elevation with respect to the surface 
of the fluid affected by the other wave, in the same manner 
as if that surface were plane: and, when the waves cross each 
other nearly in the same direction, both the height and the 
actual velocity of the particles being doubled, it is obvious that 
the ascending force or impetus is also doubled, since the bulk 
of the matter concerned is only halved, while the square of 
the velocity is quadrupled; and supposing the double wave 
to be stopped by an obstacle, its magnitude, at the moment of 
the greatest elevation, will be twice as great as that of a single 
wave in similar circumstances, and the height, as well as the 
quantity of matter, will be doubled, so that either the actual 
or the potential height of the centre of gravity of the fluid 
seems to be essentially altered, whenever such an interference 
of waves takes place. This difficulty deserves the attentive 
consideration of those who shall attempt to investigate either 
the most refined parts of hydraulics, or the metaphysical 
principles of the laws of motion. 
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V. Of the Effect of a Contraction , advancing through a Canal. 

If we suppose the end of a rectangular horizontal canal, 
partly filled with water, to advance with a given velocity, less 
than that with which a wave naturally moves on the surface of 
the water, it may be shown that a certain portion of the water 
will be carried forwards, with a surface nearly horizontal, 
and that the extent of this portion will be determined, very 
nearly, by the difference of the spaces described, in any given 
time, by a wave, moving on the surface thus elevated, and by 
the moveable end of the canal. The form of the anterior 
termination of this elevated portion, or wave, may vary, ac¬ 
cording to the degrees by which the motion may be supposed 
to have commenced ; but whatever this form may be, it will 
cause an accelerative force, which is sufficient to impart suc¬ 
cessively to the portions of the fluid, along which it passes, a 
velocity equal to that of the moveable end, so that the ele¬ 
vated surface of the parts in motion may remain nearly hori¬ 
zontal : and this proposition will be the more accurately 
true, the smaller the velocity of the moveable end may be. 
For, calling this velocity v, the original depth a , the increas¬ 
ed depth x, and the velocity of the anterior part of the wave 
y, we have, on the supposition that the extent of the wave is 
already become considerable, x = taking the negative 

or positive sign according to the direction of the motion 
of the end ; since the quantity of fluid, which before occu¬ 
pied a length expressed by j, now occupies the length 
y q- v; and putting a ~ x = %, z = The direction 
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of the surface of the margin of the wave is indifferent to 
the calculation, and it is most convenient to suppose its in¬ 
clination equal to half a right angle, so that the accelerating 
force, acting on any thin transverse vertical lamina, maybe 
equal to its weight: then the velocity y must be such, that 
while the inclined margin of the wave passes by each lamina, 
the lamina may acquire the velocity v by a force equal to its 
own weight; consequently the time of its passage must be 
equal to that in which a body acquires the velocity v , in fal¬ 
ling through a height b, corresponding to that velocity: 

and this time is expressed by ^ ; but the space described by 

the margin of the wave is not exactly z, because the lamina 
in question has moved horizontally during its acceleration, 
through a space which must be equal to b; the distance ac¬ 
tually described will therefore be z ± b, and we have 
T> z ± b = V’ av ±by —bv = ^-+ 2 by, y + 1 vy 
— 7 + + T6 ; k ut > m being the proper coeffi- 

dent,» = »✓ bands’= «•*,£+ £= «* (f + ^), > = 

m V ^±iv,andy+v=m\/ i) + £». But when 
v is small, we may takey + v nearly m </ and z = — — b 

2 m (£ a) 

= \/ [zab), and x = a + y/ (vab), while the height of a fluid, 
in which the velocity would be y, is nearly a ± j- y/ (2 ab) : 
consequently, when the velocity v is at all considerable^ must 
be somewhat greater than the velocity of a wave moving on 
the surface of the elevated fluid ; and probably the surface 
of the elevated portion will not in this case be perfectly hori- 
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zontal; but where v is small, y may be taken, without material 
error, m y/ £, or even m s/ which is the velocity of every 
small wave. The coefficient m is here assumed the same for 
the motion of a wave, as for the discharge through an aper¬ 
ture, and I have reason from observation to think this estima¬ 
tion sufficiently correct. 

Supposing now the moveable end of the canal to remain 
open at the lower part as far as the height r, then the excess 
of pressure, occasioned by the elevation before it, and the de¬ 
pression behind, will cause the fluid, immediately below the 
moveable plane, to flow backwards, with the velocity deter¬ 
mined by the height, which is the difference between the le¬ 
vels ; and the quantity thus flowing back, together with that 
which is contained in the moveable elevation, must be equal 
to the whole quantity displaced. But the depression, behind 
the moveable body, must vary according to the circumstances 
of the canal, whether it be supposed to end abruptly at the 
part from which the motion begins, or to be continued back¬ 
wards without limit: in the first case, the elevation z will be 
to the depression as v to y — v, the length of the same por¬ 
tion of the fluid being varied inversely in that ratio ; in the 
second case, the proportion will be as y + v toy — v : and 

the difference of the levels will be % + x Iml = ^,or second- 
ty * + K f^=|^ ;and firSt) m V Z {c+[y-v)z= (a—c) 
v; but, since y is here considered as equal to ?n y/ ", putting 

1 L — y b = d,y — v =z md, and, calling a .— c,e,m \/ z dL 

c -f mdz = me b, s/ % c + dz = e y' b, c* ^ = e'b -f- d'z* 
— idze + — a T) ■* = — T’ and ’ callin g Tk + 
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/ % ==/ ~ V | j~ y'j : and in the same manner/is found, 
for the second case, equal to + -j~- For example, 

suppose the height a 2 feet, 6 = £, c = 1, and conse¬ 
quently e — 1, then d becomes r — 4, and v = 8 ; and in 
the first case z — .1, and in the second ^ — .14. 

If v, the velocity of the obstacle, were-great in comparison 
with m V §, the velocity of a wave, and the space c below the 
obstacle were small, the anterior part of the elevation would 
advance with a velocity considerably greater than the natural 
velocity of the wave: but if the space below the obstacle 
bore a considerable proportion to the whole height, the ele¬ 
vation z would be very small, since a moderate pressure would 
cause the fluid to flow back, with a sufficient velocity, to ex¬ 
haust the greatest part of the accumulation, which would 
otherwise take place. Hence the elevation must always be 
less than that which is determined by the equation m % / zc 

= ev , and z is at most equal to j-~jj a b; but since 

the velocity of the anterior margin of the wave can never mate* 
rially exceed m \/ ~ , especially when z is small, and y/ ~ 
being in this case nearly </ - -f b ,m ~ — m s/ b 

= m | y/ ~ -j- — \/ 6j- which, multiplied by shovys 

the utmost quantity of the fluid that can be supposed to be 
carried before the obstacle. Supposing b = \ a, this quan¬ 
tity becomes m 4/ ~ . - ; and if ~ be, for example, 

yq > it will be expressed by — while the whole quan¬ 
tity of the fluid left behind. 



Dr. Young's Hydraulic Investigations. 185 

A similar mode of reasoning may be applied to other cases 
of the propagation of impulses, in particular to that of a con¬ 
traction moving along an elastic pipe. In this case, an in¬ 
crease of the diameter does not increase the velocity of the 
transmission of an impulse ; and when the velocity of the 
contraction approaches to the natural velocity of an impulse, 
the quantity of fluid protruded must, if possible, be still 
smaller than in an open canal; that is, it must be absolutely 
inconsiderable, unless the contraction be very great in com¬ 
parison with the diameter of the pipe, even if its extent be 
such as to occasion a friction which may materially impede 
the retrograde motion of the fluid. The application of this 
theory to the motion of the blood in the arteries is very ob¬ 
vious, and I shall enlarge more on the subject when I have 
the honour of laying before the Society the Croonian Lecture 
for the present year. 

The resistance, opposed to the motion of a floating body, 
might in some cases be calculated in a similar manner: but 
the principal part of this resistance appears to be usually de¬ 
rived from a cause which is here neglected; that is, the force 
required to produce the ascending, descending, or lateral mo¬ 
tions of the particles, which are turned aside to make way for 
the moving body ; while in this calculation their direct and 
retrograde motions only are considered. 

The same mode of considering the motion of a vertical 
lamina may also be employed for determining the velocity 
of a wave of finite magnitude. Let the depth of the 
fluid be j, and suppose the section of the wave to be an 
isosceles triangle,' of which the height is b, and half the 
breadth c : then the force urging any thin vertical lamina 

MDCCCVIII. B b 
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in a horizontal direction will be to its weight as b to c ; and 
the space d, through which it moves horizontally, while 
half the wave passes it, will be such that (c — d). (a -f- ~ 6) = 
ac } when c e d = j~~ b - But the final velocity in this space 

is the same as is due to a height equal to the space, reduced 
in the ratio of the force to the weight, that is, to the height 

2 a \ P anc * velocity is ~ m \/ -J, which is the 

mean velocity of the lamina. In the mean time the wave de¬ 
scribes the space c -J- d, and its velocity is greater than that 
of the lamina in the ratio of ~ -f- l to i, that is z — +— b -f- i 
°r - b + 2 to i, becoming m (f + i) V ~ TT) = m ■ 

which, when b vanishes, becomes m \/ as in Lagrange’s 
theorem, and, when b is small, m I v" ~ 4 - ~ -7— b — —) , or 
m ; but if a were small, it would approach to m b y 

the velocity due to the whole height of the wave. 
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XIV. A Letter on the Alterations that have taken place in the 
Structure of Rocks , on the Surface of the basaltic Country in the 
Counties of Derry and Antrim. Addressed to Humphry 
Davy, Esq. Sec. R . S. By William Richardson, D. D. 

Read March 17, 1808. 

Sir, 

I request you will be so good as to lay before the Royal 
Society, the following Observations on the Natural History of 
that part of Antrim, (contiguous to the Giant's Causeway,) 
which you and I examined so carefully together. I know 
not any country that deserves so well to have its facts faith¬ 
fully recorded ; from the important conclusions to which they 
lead. 

The basaltic area (taken in its whole extent) comprehends 
the greater part of Antrim, and the east side of Derry to a 
considerable depth. 

In a geological point of view, nature * has been very kind 
to this district, for not content with assembling together in a 
small space so many of her curious productions, and arranging 
them with more regularity and steadiness than in any other 
country described, she has condescended occasionally to with¬ 
draw the veil, and lay herself open to view, often exhibiting 

* By the word nature, which frequently occurs in the course of this Memoir, I 
always mean, according to Ray’s definition, the wisdom of God in the creation of 
the world. 
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a spectacle equally gratifying to the admirer of magnificence, 
and to the curious naturalist, who can here, by simple inspec¬ 
tion, trace the arrangements which are to be discovered else¬ 
where, only by penetrating beneath the surface of the earth. 

As soon as we enter the basaltic area, we begin to perceive 
traces of these arrangements ; as we advance farther north, 
they increase ; and in the tract near the shore, and espe¬ 
cially at the island of Rathlin , which seems to have come 
fresher from the hand of nature than the rest of our area ; the 
stratification of the whole is perfectly visible, and the nature 
of the several strata laid open to us at their abrupt and preci¬ 
pitous terminations. 

To the southward we perceive the distinctive features abate, 
and w r ear away; the basaltic stratification indeed remains, 
but is no longer displayed to us in the same manner; the neat, 
prismatic, internal construction, of the strata, which occurs 
so frequently on, and near, the coast, is scarcely to be met 
with at a distance from it; a rude columnar appearance is all 
we find, and that but rarely. 

It is at the periphery of our area, and especially at its 
northern side, that every thing is displayed to the greatest 
advantage; here we have perpendicular fafades often con¬ 
tinuous for miles, and every separate stratum completely 
open to examination. 

Of these facades, four are more distinguished by their 
grandeur and beauty than the rest, Magilligan Rock , Cave 
Hill , Bengore, and Fairhead. 

The two former are at the extreme points of the north¬ 
west diagonal of our area, and nearly forty miles asunder ; 
they are at the summits of mountains, and accessible by land. 
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The precipitous faces of Fairhead and Bengore , to which 
had the pleasure of attending you, and which are visible onl y 
from the sea, are the most beautiful, and the most curious; for 
the strata, which at Magdligan and Cave Hill , are all nearly 
similar, at Fairhead and Bengore are much diversified. Of 
Fairhead I have already published an account in Nicholson's 
Journal, for December, 1801, and I now propose to execute 
an intention which I have had for some years of giving a 
minute account of Bengore. 

I am aware that it will be extremely difficult to convey a clear 
and adequate idea of an assemblage of 16 strata, (for such is 
the number of which our promontory is composed), appear¬ 
ing and disappearing at various altitudes, yet retaining each its 
own proper place, and forming together a most beautiful and 
regular whole, though never considered as such before. 

But as I have the aid of very correct views of the most im¬ 
portant parts of the facade, to the accuracy and fidelity of 
which I have already obtained your testimony—I shall ven¬ 
ture to proceed, for I am anxious to bring into notice the 
most complete exposure of the internal structure of a district, 
that I have seen or read of; as there is little likelihood that 
any other person will enjoy the opportunities which I have 
had for so many years, of exploring this interesting part of 
our coast, through a turbulent sea, and rapid tides. 

Description of the Promontory of Bengore , and its Stratification. 
This promontory commences at the termination of Bushfoot 
Strand , where the coast, the general direction of which for 
several miles had been due east and west, turns to the north¬ 
east, and after being cut into several semi-circular bays. 
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deflects to the S. S. E. and near the old castle of Dunsevenck , 
resumes its former rectilineal and nearly eastern direction. 

The promontory occupies the interval between Dunseve - 
rick, and the Black Rock , at the end of Bushfoot Strand, about 
four English miles; the facades commence at Black Rock, 
and increase in height until we reach Pleskin, where the per¬ 
pendicular part at the summit is 170 feet, and the precipitous 
part from the bottom of the pillars to the sea 200. As we 
proceed on from Pleskin to Dunsevenck, the height gradually 
abates, and is finally reduced to about 100 feet. 

In this whole space, wherever the precipice is accurately 
perpendicular, the several strata are easily distinguished from 
each other, but where the slightest obliquity prevails, a grassy 
covering is formed that effectually conceals all beneath it; 
hence the face of the precipice seems much diversified; 
the columnar strata in some places only exhibiting detached 
groups of pillars, while in others they form extensive colon¬ 
nades. 

I shall now state the appearances as w r e approach, and coast 
the promontory from the westward, noticing in this first view 
of the precipice, every thing that may be considered as gene¬ 
ral, and reserving (as I did with you) for my return in the con¬ 
trary direction, a detailed account of the strata taken sepa¬ 
rately. 

The first circumstance, that occurs to the attentive ob¬ 
server on his approach, is, that although both the promon¬ 
tory itself, and the strata composing it, ascend to the north¬ 
ward, yet it is not in the same angle, the strata being more 
inclined to the horizon than the line tracing the surface 
of the promontory, a fact which I shall account for afterwards. 
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From the Black Rock to the Giant*s Causeway (about a mile) 
the materials, and their arrangement, are similar to those of 
the coast to the westward, viz. strata of table basalt, gene¬ 
rally separated by thinner strata of a reddish substance. 

At the Giant’s Causeway a new arrangement commences, 
one of the little systems I have mentioned in other memoirs, 
by the aggregate of which our coast is formed ; nature having 
changed her materials, or their disposition, or both, every 
two or three miles. To the system of strata comprehended 
between the Giant’s Causeway and Dunseveiick I now limit 
myself, as all the strata composing it emerge between these 
two points. 

As we proceed along the coast from the Giant’s Causeway 
eastward, we perceive the whole mass of strata ascend gra¬ 
dually, culminate at the northern point of the promontory, 
and then descend more rapidly, as the land falls away to the 
south-east, until having traced them across the face of the 
precipice we see them immerge separately at and beyond 
Portmoon fVhyn Dykes. 

The western side of the promontory is cut down perpendi¬ 
cularly, by eleven JVhyn Dykes; the intervals between them 
are unequal, but they al] reach from the top of the precipice 
to the water, out of which some of them again emerge in con¬ 
siderable fragments; they are all constructed of horizontal 
prisms, which are strongly contrasted with the vertical pillars 
of the strata through which they pass. 

One of the dykes at Port Cooan , on Bengore , half a mile 
from the Giant’s Causeway , is very beautiful; an insulated 
rock about 160 feet high, and 20 in diameter, stands per¬ 
pendicular in the middle of a small bay ; the main body of the 
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rock is similar to the contiguous consolidated masses ; but on 
the east side a singular vvhyn dyke is joined to it, composed, 
(as they often are,) of several walls agglutinated together, with 
wall-like fragments of other parts of the dyke emerging at 
their base ; the solid mass of dyke is seen cutting down the 
precipice to the southward at 150 yards distance. 

Depressions of the Strata. 

Soon after we have passed the last of our whyn dykes at 
Port Spagna , (a name derived from a vessel belongingto the 
Spanish Armada having been driven ashore in that Creek), 
we discover a new and curious circumstance, viz. that the 
western half of the promontory has sunk or subsided be¬ 
tween thirty and forty feet, without the slightest concussion 
or derangement of the parallelism of the strata. 

Two other depressions appear as we proceed onwards, 
one at Portmoon , and the other at the angle where the pro¬ 
montory begins to project from the rectilineal coast; these 
however are far less considerable in thickness than the pre¬ 
ceding, neither of them exceeding five feet. 

Such depressions occur at the collieries near Ballycastle , 
and generally on one side of a whyn dyke. We have also at 
Seaport , two miles west from the Giant's Causeway , a dyke, 
oblique and undulating, with a depression of the strata of about 
four feet on one side ; but on Bengore promontory our dykes 
are unaccompanied by depressions of the strata, and where we 
havedepressions, we do not find a trace of a dyke. 

The portions of this extensive fa£ade, which I have selected 
for explanatory views, are Portmoon , in or near which most 
of the strata emerge, and Pleskin , where the strata culminate,, 
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each of these views too, exhibits one of our depressions, but 
in that of Pleskin , the first apparent depression is purely an 
optical effect arising from the position of my friend Major 
O’Neal, of the 56th, who took his view from the water. 

Enumeration of the sixteen Strata that compose the Promontory 
of Bengore, taken in their regular Order , and counting from 
above. 

The country immediately to the southward of Bengore is like 
the Promontory itself, a stratified mass, accumulated to the 
summits of Craig Park and Croaghmore, the first five hundred 
and the second seven hundred feet high ; but with these strata 
I have nothing to do, limiting myself to those alone of which 
the promontory is formed, and which are exhibited in its 
fa£ades. 

The uppermost of these commences near half a mile to the 
eastward of the angle, where the coast deflecting from its due 
east and west course, turns to the north-west, and begins to 
form the promontory. 

So far the course of this stratum is to appearance perfectly 
horizontal, for the strata all ascending to the north, the inter¬ 
section of their planes with the plane of the sea, must run east 
and west, that is, in the present case it coincides with the 
direction of the coast. 

But when the coast changes its direction, this coincidence 
ceases, and the facade (that is the vertical section of the coast) 
losing its east and west course, its strata must appear to ascend 
towards the point it turns to, therefore the strata at Port- 
moon , and along the north-east side of the promontory, should 
ascend obliquely along the facades, as they actually do. 

C c 
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First Stratum , (m). 

The stratum 1 commence with forms the whole fa£ade, 
from its first appearance until it reaches the promontory ; it 
consists of massive pillars rather rude, and about sixty feet 
long, its course for half a mile (as I have stated) seems hori¬ 
zontal, but on the face of the promontory it ascends, and con¬ 
tinues to rise uniformly until it reaches the summit, which it 
lines as far as Port moon, on the south side of which it loses 
some of its thickness, then suddenly disappears and vanishes 
from that facade, receding westward in the form of a stony 
ridge, and is seen no more. 

Second Stratum (£). 

The stratum upon which the preceding rests, is red as brick, 
and about nine feet thick ; it appears in spots, and patches just 
above high water mark, so long as the incumbent stratum 
continues horizontal, but when that rises obliquely, the second 
ascends with it; it is now completely displayed, and having 
supported the preceding in its course to the summit, vanishes 
with it (at x in the view of Portmoon,) and is seen no more. 

These ochreous matters, so common in all basaltic countries, 
according to Mr. F. Sr. Fond's opinion, were once pure basalt, 
but have undergone some chemical process of nature we are 
unacquainted with, by which their colour has been changed. 

Third Stratum , (i) 

The next stratum is the last of those composing the pro¬ 
montory which appears beyond it; for so long as the first and 
second continue their horizontal course towards Bengore , 
this third accompanies them, shewing its upper surface be- 
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tween high and low water mark, but when it ascends along 
with the others across the facades, it displays its whole thick¬ 
ness, above fifty feet. 

This stratum is of that variety of basalt, I have on different 
occasions distinguished by the name irregular prismatic; it 
resembles the columnar basalt in grain, but differs from it 
totally in principle of internal construction, for its prisms are 
small, not articulated, and indifferent as to the position of their 
axes, which is perpetually changing. 

The irregular prismatic basalt accompanies the columnar in 
most countries, as at Pont du Baume , at Trezza , at Bolsena in 
the Sound of Mull , and at Staff'd. In Antrim , it is very com¬ 
mon; and here is a striking resemblance between the rock 
crowning the celebrated columns at Staff'd , and a stratum 
covering a very neat colonnade at Craigahullur , near Portrush . 

This stratum (as is well exhibited in the view of Portmoon) 
is scolloped off'irregularly from the point where it becomes 
superficial (x), until it completely disappears at (z) ; a thin 
stripe of its lower edge alone is ever resumed again. 

Fourth Stratum , (k). 

The next three strata will require only very short descrip¬ 
tions ; the fourth is about seven feet thick, entirely columnar, 
the pillars small, but not neat; they appear very white from 
a thick covering of Byssus saxatilis , which shews a great 
predilection for this stratum. 

Fifth Stratum , ( g ). 

This stratum is ochreous, and more of a slate colour than 
any of the other red strata ; as it is friable, it soon acquires a 
C c 2 
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grassy coat, through which it is only in spots that it shews 
its proper colour ; it is about eight feet thick. 

Sixth Stratum , (f). 

This stratum is composed of rude massive pillars so coarsely 
formed, that on the least abatement of perpendicularity the 
columnar form can scarcely be traced. This stratum is 
about ten feet thick, it forms the vertex of the beautiful 
conical island Beanyn Daana , and is marked in the views (/ ). 

These last strata, though they have nothing very remark¬ 
able in themselves, nor contribute much to the beauty of the 
fa£ade ; yet they exhibit one of the most important facts I am 
acquainted with in natural history, and which, when atten¬ 
tively considered, throws much light on the nature of the 
operations performed upon our globe since its consolidation, 
and leads us irresistibly to conclusions extraordinary and un¬ 
expected. 

The fourth, fifth, and sixth strata reach the top of the pre¬ 
cipice, and vanish together at the waterfall in the north-west 
corner of Portmoon. When they come to the surface, they turn 
inland to the westward in long stony ridges ; these obstruct 
the course of the waters in their descent along the inclined 
plane, formed by the surface of the promontory, and throw 
them over the precipice, in a cascade highly beautiful after 
rain. 

On the facades to the north-west not a trace of them ap¬ 
pears, these being entirely formed by the lower strata, which 
I have not yet noticed ; but at the distance of a mile, at the 
great depression (already mentioned), the fourth, fifth, and 
sixth strata, with a narrow stripe of the third, suddenly ap- 
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pear, in their regular posts, their proper order, and with all 
the characteristic marks peculiar to each separate stratum. 

In the interval between the depression at Pleskin, and the 
Giant’s Causeway (about a mile), these three strata often ap¬ 
pear in a desultory way on the summit of the precipice, 
wherever it is of sufficient height to receive them, always pre¬ 
serving their usual thickness, their characters, and their order; 
so that a person master of the order I am detailing, as he 
approaches a rising point of the precipice, can tell its strata, 
and their order, before he is near enough to distinguish them. 

Seventh Stratum , ( d). 

The rude and massive pillars of the sixth stratum pass into 
the neater, and much longer columns of the seventh, without 
interrupting the solidity or continuity of the material; exactly 
as a down held hand appears to separate into fingers. The 
thickness of this stratum, that is the length of the pillars of 
which it is formed, is fifty-four feet; it is marked (d) in the 
two views, and in its passage across the face of the precipice, 
displays more beautiful colonnades than any of the others. 

This seventh stratum emerges from the beach immediately 
behind the south-east point of Portmoon, and where it first 
shews itself in that bay, has its lower edge raised only a few 
feet above the water; it forms the upper frustum of the larger 
of the two conical islands, ascends obliquely along the face 
of Portmoon , and continues to rise until it composes the upper 
range in the beautiful facade, properly called Bengore Head. 
This is probably the most magnificent of all, its convexity 
towards the sea producing a fine effect. The lower edge of 
this stratum, that is the line forming the base of its pillars. 
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has here, as at Pleskin, attained the height of three hundred 
feet above the water. 

This seventh stratum, like those above it, also suffers an in¬ 
terruption ; for after having exhibited itself to such great advan¬ 
tage at Bengore, the extreme northern point of the promon¬ 
tory lowers, and this stratum disappears for about one-third of 
a mile ; as the promontory rises, it is resumed again in great 
beauty at Pleskin , and is interrupted no more; we scarcely 
ever lose sight of it until we reach Port Noffer (the next bay 
to the Causeway); here, for want of perpendicularity it is 
little seen, and is finally lost over the causeway, we know not 
well how. 


Eighth Stratum, (c). 

The next stratum is of the same variety of basalt with the 
third, that is, irregular prismatic; it is fifty-four feet thick, 
and in the views distinguished by the letter (c): where it 
emerges at the south east corner of Portmoon, it is quite acces¬ 
sible by land, and affords the best opportunity I know for 
examining this species of basalt, as it is there very neat. 

There is little more of this stratum seen in the facade of 
Portmoon for want of perpendicularity, but it forms the lower 
frustum of the great conical island Beanyn Daana , and the 
whole of the smaller, except the base ; it is well displayed 
over the remainder of the precipice, it forms the intermediate 
stratum between the magnificent colonnades at both Bengore 
and Pleskin , and finally is lost just over the Giant's Causeway. 
Large globular fragments have fallen from it, and are scat¬ 
tered about the causeway. 
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Ninth Stratum, (b). 

This stratum is forty-four feet thick, that being the exact 
length of the neat pillars composing it; at its emersion it 
forms the bases of the two conical islands in Portmoon , and is 
no more seen in that bay, but immediately to the northward 
it begins to shew itself in colonnades and groups, some of 
them resembling castles and towers. 

It ascends along the precipice obliquely, like those above 
it, forms the lower range at Bengore and Pleskin , from which 
last it dips to the westward regularly, composes the group at 
Port Noffer , called the Organs , seen from the causeway, and 
finally at its immersion, or intersection with the plane of the 
sea, it forms the beautiful assemblage of neat pillars, so long 
distinguished by the name of the Giant's Causeway. 

At these two intersections, each of them accessible by 
land and water, the prisms exactly resemble each other in 
grain, size, and neatness ; the interval between them is full 
two miles, through great part of which this stratum is dis¬ 
played at different heights ; it culminates between Pleskin and 
Bengore , with its lower edge more than two hundred feet 
above the water. 

We see now what a diminutive portion of our vast basaltic 
mass has, until lately, monopolized the attention of the curious; 
and even after it was discovered that we had many other, 
and much finer collections of pillars on the same promon¬ 
tory, it never occurred, to those who were preparing to give 
accounts of them to the public, to examine whether these 
were mere desultory groups, or detached parts of a grand 
and regular whole, which a more comprehensive view of the 
subject would soon have laid open to them, 
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.Tenth Stratum . ( a ) 

The stratum upon which the pillars of the preceding rest, is 
ochreous, red as minium, and about twenty feet thick ; it is 
scarcely seen at Portmoon , a patch alone of its surface being 
distinguishable under w r ater at low tide ; but immediately to the 
northward it shews itself, and from its bright colour makes a 
conspicuous figure across the face of the precipice in a course 
of more than a mile and half; its last appearance to the west¬ 
ward is at Rovinvalley , the opposite point of the bay from the 
Giant's Causeway , from which we have a good view of it. The 
final dip and immersion of this tenth stratum, as well as its 
emersion, are lost for want of perpendicularity. 

The six remaining strata are all similar in material, but 
differing much from each other in thickness; they are all of 
that description called tabular basalt, sometimes shewing a 
faint disposition to assume a columnar form at their edges, 
and always separated from each other by ochreous layers. 

These six strata are not so perfectly distinct as those above 
them, for sometimes we think we can count seven, and again 
not more than five; nor does each of these preserve the same 
thickness through their whole extent, for they are deeper 
towards the northern point, where they culminate, forming 
by themselves a perpendicular facade near two hundred feet 
high, but they grow thinner as they recede from this centre. 

The jets of black rock in the view of Portmoon , are the 
emersions of these strata; their last appearance on the west 
side is at Rovinvalley , where they strongly display the incli¬ 
nation of their strata, (the same with all the rest) to those 
approaching from the westward ; their final immersion is lost 
for want of perpendicularity. 
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I shall now proceed to select from the great mass of facts 
that are exhibited on the face of Bengore promontory, and 
occur in the contiguous basaltic country, such as seem appli¬ 
cable to geological questions, and likely to throw light on 
such subjects. 

Facts applicable to geological Questions. 

1 Every stratum preserves accurately, or very nearly, the 
same thickness through its whole extent, with very few ex¬ 
ceptions. 

2. The upper and lower surface of each stratum preserve 
an exact parallelism, so long as they are covered by another 
stratum ; but when any stratum becomes the superficial one, 
its upper surface is scolloped, or sloped away irregularly, 
while the plane forming its base continues steady, and recti¬ 
lineal ; but the parallelism of its planes is resumed as soon as 
another stratum is placed over it. 

3. The superficial lines bounding the summit of our fagades, 
and our surface itself, are unconnected with, and unaffected 
by, the arrangement of the strata below them. 

4. Nature, in the formation of her arrangements, has never 
acted upon an extensive scale in our basaltic area, (at least 
on its northern side, where our continuous precipices enable 
us to determine the point with precision,) but changes her 
materials, or her arrangement, or both, every two or three 
miles, and often at much smaller intervals. 

5. Wherever there is a change of material, as from one 
stratum to another in a vertical line ; or where the change is 
in a horizontal direction by the introduction of a new system ; 
or where a whyn dyke cuts through an accumulation of 
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strata; in ail these cases the change is always per saltum and 
never per gradus, the lines of demarcation always distinct, and 
well defined; yet the different materials pass into each other 
without interrupting the solidity and continuity of the whole 
mass. 

6. The facades on our coa.st are formed as it were by ver- 
tical planes, cutting down, occasionally, the accumulations of 
our strata; the upper part of these facades is generally per¬ 
pendicular, the lower steep and precipitous. 

7. The bases of our precipices commonly extend a con¬ 
siderable way into the sea ; between the water and the foot 
of the precipice, (and especially near the latter) there is fre¬ 
quently exhibited the wildest and most irregular scene of 
confusion, by careless observers supposed to be formed by 
the ruins of the precipice above, which have fallen down ; 
such, no doubt, was Mr. Whitehurst's idea, when he de¬ 
scribes one of these scenes as “ an aw’ful wreck of the terra¬ 
queous globe." 

But a more attentive observer will soon discover that 
these capricious irregularities, whether in the form of rude 
cones, as at Beanyn Daana , and the w 7 est side of Pleskin; 
or towers, as at the dyke of Port Cooan and Castro Levit , at 
the foot of Magilligan facade, even spires and obelisks, as to 
the westward of Kenbaan , and at the Bull of Rathlin; yet all 
of these once formed part of the original mass of coast, 
stratified like it, and their strata still correspond in material 
and inclination wkh those in the contiguous precipice. 

8. These vertical sections or abruptions of our strata are 
by no means confined to the steeps that line our coast; the 
remaining boundary of our basaltic area has several of them 
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equally grand; and similar abruptions, or sections (though 
not so deep) are scattered over a great part of our area, and 
especially on the ridges of our hills and mountains which are 
cut down in many places like a stair, by the sudden abrup¬ 
tion of the basaltic stratum. 

g. Wherever the strata are thus suddenly cut off, whether 
it be a mass of accumulated strata as in the facades on our 
coast, or solitary strata in the interior; the materials on one 
side of the abruption are completely carried away, without 
a fragment being left behind, while on its other side the un¬ 
touched stratum remains intire and undisturbed. 

I shall not proceed to apply these facts to support, or in¬ 
validate, any of the numerous theories which have given rise 
to so much controversy, in which 1 myself (as you know) 
have borne some part; I shall look to nature alone, without 
much reference to opinions, and shall endeavour to trace, by 
the marks she has left behind her, some of the grand opera¬ 
tions she once executed on the surface of our globe. 

Varro divided the time elapsed since the beginning of the 
world into three portions, which he distinguished by the 
names, prolepticum , fabulosum, and historicum. 

The first comprehended the period of absolute darkness ; in 
the second some faint lights were thrown upon the history of 
its events, by fable and tradition ; in the third, the historian 
had the common aids from which history is usually compiled. 

The natural history of the world seems to admit of a cor¬ 
responding division. In the first I include the formation of our 
strata, their induration, their derangement from the horizontal 
position in which they seem originally to have been placed 4 
Dds 
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and the operation of cutting them down by so many whyn- 
dykes. 

In the second division, corresponding to VARRo’sfabulosum, 
I comprehend the operations performed upon our globe, pos¬ 
terior to its final consolidation, and antecedent to all history 
or tradition ; operations therefore that can be established by 
the visible effects alone which still exist, written in strong 
characters. 

The third division contains the period since we acquired 
some knowledge of natural history, became acquainted with 
causes and effects, and able to trace the connection between 
them. 

With the operations performed in the first division (corres¬ 
ponding with Varro's prolepticum) modern theorists assume 
that they are well acquainted, able to account for every appear¬ 
ance, and to detail the whole process of original formation. 
I however shall decline noticing these early processes of na¬ 
ture, and limit myself to the second division of natural his¬ 
tory, hoping from the prominent features of my country that 
remain still undefaced, and from its curious facts, to trace and 
demonstrate the great effects that have been produced upon 
our surface; and though I do not presume to advance far¬ 
ther, I perhaps may assist in clearing the way for future 
naturalists, and by establishing effects, encourage them to 
proceed to causes, and help them to discover the powers and 
agents by which these grand operations have been executed. 
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Inquiry into the Formation of our perpendicular Fagades. 

It is natural that the first great operation we proceed to in¬ 
vestigate, should be the formation of our magnificent facades, 
one of which is the principal subject of this memoir. 

The line of coast that bounds our basaltic area on its north 
side, extends about twenty-five Irish miles, in which course 
the precipices are nearly continuous, and more than one half 
of them absolutely perpendicular for a great part of their 
stupendous height. The operation by which they were cut off 
so abruptly, and left with a formidable aspect towering over 
our coast, is the one we inquire into. 

That these bold precipices once projected farther in many 
places is easily demonstrated ; at Beanyn Daana , and at the 
Chimney , the columnar construction was obviously once carried 
much farther out. 

At the Milestone , Portcooan , and Portnabau , the fragments 
of dykes extend far beyond the face of the precipice. 

These same facts, together with the projecting base, shew 
that these sudden abruptions were not formed by the subsid¬ 
ing, and sinking of one part, leaving the remainder in its 
place : still less by any violent revolution, or convulsion; as 
the stratification has not sustained the slightest shock either 
above, or below the facade. 

The formation of our abrupt coast, has been ascribed to 
the action of the sea beating violently against it, washing 
away the lower parts, and leaving a perpendicular facade 
standing ; as we often see on the banks of rapid and en¬ 
croaching rivers. 

A cool examination of our precipices will soon prove that 
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our facades could not have been so formed, for we always 
find them on the highest part of the cliff, and receding from the 
water, which could be instrumental in bringing down the 
materials from above, only by washing, and so wearing away 
the bases of the steepest parts; but the elevations of these 
bases are utterly irreconcileable to this supposition ; for in¬ 
stance, the base of Pleskin fa9ade is two hundred feet above 
the present level of the sea, that of Fairhead three hundred ; 
now had the sea ever risen to either height, it would have 
submerged a great part of Ireland , and none of the neigh¬ 
bouring country (whatever its level may be) bears the least 
resemblance to alluvial ground, nor shews any mark of 
having been once covered by the sea. 

The next argument is still more conclusive ; the boundary 
of our basaltic area on its north side, is for twenty-five miles 
also the confine of sea and land ; so far it is natural to ascribe 
its features, and characteristic marks, to the action of the 
powerful element that beats against it. But when that preci¬ 
pitous boundary ceases to be the confine of sea and land, 
turns southward towards the interior, and becomes the line 
of demarcation between the basaltic and schistose country on 
the west, it still preserves its former character ; that is, of a 
range or ridge of very high land, steep to the exterior, and 
sometimes cut down vertically into facades, like its northern 
part that lines the shore. 

Thus Magilligan Rock , (four miles inland) is not inferior 
in magnificence to any of our facades on the coast, its per¬ 
pendicular section is one hundred and seventy feet, and this 
continuous for a mile ; the facades at Bienbraddock are nine 
miles farther inland, and those of Monyneeny thirteen; while 
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the base of the lowest of these perpendicular precipices is 
elevated 1400 feet above the sea. 

The same style prevails on the east side of our basaltic area, 
after its boundary ceases to be the confine of sea and land ; 
for the limestone facades at Garron Point , (considerably above 
the level of the sea) exactly resemble those of Dunluce and 
Kenhaan at the water edge ; and Cave Hill (several miles 
from the sea, and nearly one from the shallow estuary of 
Belfast, ) exhibits basaltic facades at the height of one thou¬ 
sand feet, precisely similar, and little inferior to those of 
Magilligan. 

The exact resemblance between our inland fa9ades (on the 
east and west sides of our area) to those on the shore, proves 
them to be all effects from the same cause, and that our accu¬ 
mulated strata have in all these similar instances been cut 
down vertically by the same agent, and that this agent was 
not the sea. 

Nor has this powerful agent confined its operations to our 
coast, or to the periphery of our basaltic area ; we can trace 
it over its whole surface ; we find throughout its interior, simi¬ 
lar, though very diminutive abruptions, executed precisely in 
the same manner, that is, strata cut across by a long vertical 
facade, their planes on the upper side perfectly undisturbed, 
while on the lower side all the materials of which that part of 
the stratum was once composed are completely carried off!— 
(See bth fact.) 

We are now unavoidably led into a discussion of a question 
which has at all times occupied the attention of naturalists. 
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Whence arise the Inequalities u'ith zvhich the Surface of the 
Earth is so exceedingly diversified f 

I shall not attempt to encounter this question generally, 
nor to extend my enquiries beyond the limits I have pre¬ 
scribed to myself; but I shall try whether the curious facts 
so profusely exhibited over our basaltic area, throw any light 
upon the formation of our own inequalities, or lead us a step 
towards the discovery of the operations by which such stu¬ 
pendous effects have been produced. 

Some to escape the difficulties in which this question is 
involved, ascribe our inequalities to original formation ; as if 
the world had come from the hand of the Creator with the 
variegated surface which now contributes so much to its 
beauty : but the frequent interruptions, and resumptions of the 
strata in our area, with the perfect resemblance of the corres¬ 
ponding parts, however great the interval by which they are 
separated, can scarcely leave a doubt that these strata were at 
first continuous; of course, the figure of our surface at that 
time must have depended on the original positions and incli¬ 
nations of these strata, which, as appears by the 3d fact, are 
now unconnected with the superficial line, the figure of which 
is governed by their abruptions and removals alone. 

Naturalists have differed much in opinion as to the direc¬ 
tion in which the causes acted that produced the inequalities 
on the surface of our globe ; some referring us to the bowels 
of the earth as to the scene of action ; while others assert 
that the operations were performed upon the surface itself. 

But the slightest inspection of our facades will at once prove 
that the first hypothesis cannot be correct; for obliquity of 
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direction must have been the result of a disturbing cause 
acting from below; whereas parallelism and a steady recti¬ 
lineal course distinguish the basaltic arrangements of which 
I have been treating. 

We have, it is true, occasional depressions of our strata, 
where they obviously have subsided, and no doubt from a 
failure of support below; but in no instance that I have met 
with, in our area, are these attended by the slightest concus¬ 
sion; the permanent and subsided parts, with us still preserve 
their parallelism, and the continuity of their material; whence 
it is probable this event took place previous to the induration 
of the strata, and of course antecedent to the period to which 
1 limit myself. 

Buffon ascribes our superficial inequalities to the agitation 
of the waters while they covered our earth, and argues from 
the resemblance these inequalities bear to the waves of the 
sea ; a resemblance I cannot trace in any country which I have 
observed ; nor could our sudden and perpendicular abruptions, 
ever have been produced by any agitation of the waters. 

Professor Playfair considers rivers as having formed not 
only the beds, or channels in which they flow, but also the 
whole of the vallies through which they run, and in general 
all the inequalities of our surface ; but an attentive observer, 
tracing the course of any of our most rapid rivers, would soon 
perceive that the quantity of its depredations have been com¬ 
paratively insignificant, and that they can be determined with 
precision ; the river has no doubt in several places extended 
itself considerably on both sides, but in the intermediate space 
between the remotest boundaries it ever reached, it levels, 
instead of raising inequalities. 
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The same result I apprehend would follow from the opera¬ 
tions of another agent, which theorists are in the habit of 
calling in to their aid, when they cannot find some certain 
material, which from their theory we had reason to expect; 
they then tell us it has been carried off', and lost in the suite of 
degradations and decompositions. 

But decay and decomposition, instead of creating inequali¬ 
ties would produce a contrary effect, and deface those actually 
existing; they would gradually abate the height of our per¬ 
pendicular fa9ades, and increase the green steep at their bases 
by the accumulation of the crumbling and mouldering mate¬ 
rials from above; while the more diminutive faqades formed 
by the abruptions of single strata scattered over the face of 
our area, and forming its most characteristic feature, would 
in time (as many are already) be converted into steep accli¬ 
vities covered with verdure. 

Such are the principal causes to which the inequalities of 
our surface have been generally ascribed. Previous to our 
deciding finally upon their insufficiency, it may be proper to 
enumerate a few of those inequalities, where the deviation of 
our present surface, from the form it probably had originally, 
is not only striking, but where also the concomitant circum¬ 
stances afford demonstration, that some great operation has 
once taken place there. 

Thus, by making ourselves acquainted with effects, we 
shall be better qualified to investigate causes; and if those 
effects shall appear to be beyond the powers of such natural 
agents as we are already acquainted with, we shall be justi¬ 
fied in admitting the performance of operations to which w^e 
have seen nothing similar ; and also in admitting the former 
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existence of powers of far superior energy to any we have 
ever known in action. 


Enumeration of some remarkable Inequalities in the Surface of 
our basaltic Area , produced since the Consolidation of its 
Strata. 

That we may better understand the facts I am proceeding 
to state, I shall assume (in the style of the mathematicians 
puta factum) previous to demonstration, that the planes of our 
uniform, rectilineal strata, however interrupted we may now 
find them, were once continuous. 

Upon this supposition, the valley of the Mayola, between 
the stratified summits of Seafn and Slievegallon , is an excava¬ 
tion 1700 feet deep, and three miles wide, of which the whole 
materials have been completely carried off 

To the northward of this excavation, between Seafn and 
Carntogher , the continuous accumulated strata of basalt are 
interrupted, and taken away quite down to the schistose sub¬ 
stratum ; while the untouched summits of the contiguous 
mountains, Carntogher , Seafn , and Mo 7 iyneeny , are still strati¬ 
fied basalt. 

On the eastern side of our area, immediately to the south¬ 
ward of Kello and Connor , a similar operation has been per¬ 
formed, attended by still more extraordinary circumstances. 

We here find a district near four miles in diameter, called 
the Sandy Braes; over this whole space the basaltic stratifica¬ 
tion has been carried off, and the operation has reached deep 
into a very singular substratum; a reddish breccia, by some 
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mineralogists called a porphyry, the mass friable, but the com¬ 
ponent angular particles of extreme hardness. 

The hills, of which this little district is full, are every one 
perfect segments of spheres, while the loftier basaltic hills 
that surround it preserve their characteristic form, to wit, a 
gradual acclivity on one side, with a steep abruption on the 
other. 

As we sail along our northern shore we discover another 
great chasm or interruption of our strata, which also cuts 
deep into the substrata: for on the west side of Ballycastle 
pier, the bold basaltic precipices suddenly disappear, and at a 
lower level disclose the substratum, which appears to be an 
alternation of sand-stone, and coal, sometimes with bitumi¬ 
nous schistus. 

A mile or two to the eastward the abrupt precipice is 
resumed, and a basaltic stratum again occupies its summit on 
to Fairhead , with the same angle of inclination in which it was 
disposed along our whole coast, that is, a slight ascent to the 
north. 

Traces of similar operations and abruptions are to be found 
over our whole area, but the preceding are sufficient to make 
us acquainted with the style of these interruptions of our 
strata; of course it is time to proceed to the suspended de¬ 
monstration, that our strata, so interrupted, were once conti¬ 
nuous, notwithstanding the magnitude of the interval by 
which the corresponding parts are now separated. 
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Proofs that our now interrupted Strata were once continuous. 

We must now turn back to the fagades of Bengore , where 
the strata themselves, and all the circumstances attending 
them, are so happily displayed, as to throw great light on the 
subject, and to lead us analogically, step by step, to the con¬ 
clusion we seek for. 

Let us examine and trace the summit of the precipice for a 
mile immediately eastward from the Giant’s Causeway , and we 
shall find a frequent interruption and resumption of the fourth, 
fifth, and sixth strata, at the shortest intervals, the interruption 
not always reaching to the lowest of the three, which in that 
case remains continuous : so far simple inspection removes all 
doubt, that each of these strata was once continuous as far as 
the great depression to the west of Pleskin. 

Here indeed the interruption becomes considerable, not less 
than a mile ; but when we find at Port moon a succession of 
three strata with the same inclination, in the same order, of 
the same thickness each, and with the same strong character¬ 
istic marks that distinguished the three interrupted, at the de¬ 
pression ; above all, when we find the strata they rest upon 
continuous (at least with very trifling interruptions) for the 
same extent; I think we can scarcely entertain a doubt that 
this interval between the corresponding parts, though so much 
greaterthan any of the preceding, is, like them, but an inter¬ 
ruption, and that these strata were once continuous from the 
depression to Portmoon. 

The same style of induction would establish the quondam 
continuity of all the strata in the face of Bengore promontory, 
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for here the strata are so distinctly marked that we know 
each of them when we find it again after any interruption. 

In the rest of our precipices and facades, the similarity of 
the strata deprives us of this advantage ; yet in their smaller 
interruptions, the eye, by tracing the rectilineal course of the 
strata, and so connecting the separated parts, can establish 
their former continuity : while in the greater intervals we 
must rest our proof on analogy alone. 

That we may be entitled to carry this style of induction 
into the interior of our basaltic area, and to apply the same 
reasoning to enable us to form a similar decision upon the 
more stupendous interruptions of our strata, which I have 
already enumerated, it becomes necessary to explain the geo¬ 
logical construction of our area,—the strata of which it is 
formed—their arrangement—and their inclinations. 

An extensive limestone stratum, white as chalk, and about 
two hundred feet thick, seems to form the base of the whole 
district I limit myself to : upon this, accumulations of rectilineal 
and parallel basaltic strata, are heaped up to most unequal 
heights. 

This great calcareous stratum seems not to be an accurate 
plane, but rather to resemble a bason, as every where at its 
periphery it dips to the interior ; yet the plane of its section 
has a slight ascent to the southward: a recollection of these 
circumstances will enable us to account for every appearance 
this stratum exhibits, as it happens to be disclosed to us ; and 
by the converse, an attention to these appearances will enable 
us accurately to determine the position of the stratum. 

This stratum, from Bally castle to Solomon s Porch , (about 
twenty-five miles,) keeps very nearly the level of the sea, 
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often indeed sinking below the surface, but never raising its 
lower edge above it; but when at Solomon s Porch , the boun¬ 
dary of our basaltic area begins to deflect to the south-west, 
and then to the south, the ascent of the stratum to the south¬ 
ward begins to operate, and we perceive the dotted line of its 
quarries gradually to rise along the face of the mountain from 
the shore to Monyneeny and Seafin , where it has attained the 
height of 1500 feet: it is true, the actual stratum has not 
been opened at these two great elevations, but the white 
rubble immediately below the basaltic fa9ade proves incon¬ 
testably that it is close at hand. 

An accumulation of basaltic strata, had in this southern 
course, as well as on the northern shore, covered the lime¬ 
stone up to the summits of the hills or mountains. 

I have already stated how the ridge of mountain is suddenly 
interrupted by the valley of the Mayola, from 1600 to 1700 
feet deep, but if we look to the southward, in the rectilineal 
course of the strata (the positions of which we have been able 
to ascertain with so much accuracy), we shall find near the 
summit of the mountain Slievegallon a similar white limestone 
stratum crowned with basalt, cutting it in the very direction 
the former ought to have reached it, that is perhaps two 
hundred feet higher, the ascent of the strata to the southward 
having elevated their planes so much in a distance of four 
miles, the probable interval between the summits of these 
mountains. 

We are now to decide whether this calcareous and basaltic 
fragment, on the summ t of Shevegailon mountain, be the 
last remnant of the old arrangement we have been tracing, 
and ascertaining with so much precision, for seventeen or 



ai 6 Dr. Richardson's Letter on the basaltic Surface. 

eighteen miles from the sea, and twenty-five miles along the 
coast, but now interrupted by the valley of the Mayola , like 
our former more diminutive interruptions, and also like them 
resumed at the next elevation, in the same rectilineal course, 
the strata preserving the same order, and the same charac¬ 
teristic marks. Or whether these strata, appearing on the 
summit of Slievegallon , be the commencement of a new ar¬ 
rangement, abandoned by nature as soon as begun : which is 
highly improbable, for neither limestone nor basalt are to be 
found on the mountain except in this solitary hummock. 

We might, by a minute attention to the inclinations, and ar¬ 
rangements, of the strata contiguous to the other interruptions 
I have enumerated, prove in like manner that the basaltic 
masses crowning the summits of the surrounding hills and 
mountains, are merely the remnants of strata once extensive 
and continuous, but interrupted and carried off', as in the pre¬ 
ceding case, by the same powerful agent. 

The more diminutive inequalities scattered over the whole 
surface of our area, and always produced by interruptions of 
the strata, would still more easily admit the appplication of 
the same reasoning, from the contiguity of their abrupted 
parts; but the detail would be tedious; those who wish to 
pursue the subject farther must come to the scene them¬ 
selves. 


Materials completely carried off. 

A circumstance perhaps still more extraordinary, is the 
complete removal of all the materials that once filled up the 
intervals between the abrupted parts of these strata; I have 
stated in my 9th fact, that the materials that had formerly 
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composed the projecting parts of our northern facades, and 
precipices, had totally disappeared. 

The removed parts of the limestone stratum on the west 
side of our area have shared the same fate, for where the 
chain of mountains extending from Magilligan Rock to Bicn- 
braddock , is interrupted by vallies at Stradreagh , Drumrommer , 
and Ballyness , it is obvious that the limestone stratum was 
once continuous to the high points where it shews itself on 
Keady, and the mountains on each side ; its thickness too, 
wherever we can try it, is very great; yet this stratum, which 
in its entire state must have spread like a roof far above the 
present surface of these valleys (which are now sunk deep 
into the schistose substratum) has not left a particle of its 
debris behind, nor is a single lump of white limestone to be 
found, until we come to the quarries, that is, to the edge of the 
solid, untouched stratum. 


Conclusions . 

The conclusions that unavoidably follow, from the consi¬ 
deration of these facts are, 

That the hills and mountains, in the district I have been 
describing, were not raised up or formed as they now stand, 
but that they are the undisturbed remains of strata that were 
left behind, when stupendous operations carried away the 
parts that were once contiguous to them. 

That the inequalities of this surface were all produced by 
causes acting from above, and carrying off whatever they 
touched, without in the least disturbing what was left behind. 

mdcccviii. F f 
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Additional Evidences. Basaltic Hummocks 

The arguments on which I have founded my opinions have 
hitherto been all taken from the hollows in our surface, and the 
interruptions in our strata, both which, the concomitant circum¬ 
stances have led me to consider as so many excavations ; but 
the lofty elevations, and the abrupt prominencies rising sud¬ 
denly from our surface, when minutely examined, lead us 
irresistibly to the very same conclusion. 

When you and I examined together the line of our northern 
fayades, we studiously sought for the points where nature 
had made any change in her materials or their arrangement, 
hoping that at the junctions of these little systems, we should 
find some facts that would throw light on the subject; but 
we generally failed ; want of perpendicularity, or other local 
circumstances, impeding us at the most interesting points. 

On the present occasion she has adopted an opposite line of 
conduct, and in many of the steps she has taken, obtrudes 
upon us demonstration of what she has done. 

Whoever has attended to the exertions of man, when em¬ 
ployed in altering our present surface, either by levelling 
heights, or by making excavations, must have observed that 
it is the practice of the workmen to leave small, cylindrical 
portions standing, for the purpose of determining the height 
of the old surface, and thereby ascertaining the quantity of 
materials removed. 

To these may be compared the stratified basaltic hum¬ 
mocks so profusely scattered over our area, and which seem 
to shew how high our quondam surface once reached. 

• Navigators use the word hummock to express circular and elevated mounts, ap¬ 
pearing at a distance; I adopt the term from them. 
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of the Counties of Deny and Antrim. 

The hummock of Dunmull , three miles south-east from 
Portrush, is very beautiful, it stands on the top of a high 
ridge, and is a conspicuous object from all parts of the 
country; it is exactly circular, its flat surface contains an 
acre, it is completely surrounded by a perpendicular fa9ade 
about twenty-five feet high, and formed by two strata, a 
columnar, and an irregular prismatic, resting upon it. 

From this elevated station, where I had the pleasure of ac¬ 
companying you, I shewed you at «ix or seven miles distance 
to the westward, among the Derry mountains, the still loftier 
hummocks of Altabrian and Sconce , hemispherical in form, 
composed of but one stratum each, while their swelling- 
out bases displayed accumulations of many more: and also 
near those the hummock of Fermayle, resembling Dunmull, 
but much larger, and also, surrounded by a facade composed 
of two strata. 

I shewed you also at twenty miles distance to the south-east, 
the gigantic Slemish, one of our basaltic hummocks, magnified 
(as it were) into a lofty and insulated mountain, completely 
stratified from its base to its flat summit. 

I shewed you likewise from the bottom of its ridge, the 
neat but diminutive hummock, called the Rock of Clogher , 
above Bushmills. As our time was precious, you took my word 
for its stratification being precisely similar to that of Dunmull . 

There are many other basaltic hummocks scattered over 
the surface of our area, all of them either stratified or por¬ 
tions of strata ; two of the most remarkable are the hill of 
Knock Longhran, near Maghera , and a tall hummock (whose 
name I forget) a mile eastward from Lisanoure * 

F f 2 
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We meet still more frequently an imperfect style of hum¬ 
mock, a semi-circular fagade on one side, while on the other 
it slopes away gradually with the dip of the strata, as if the 
operation had been interrupted before it was carried quite 
round ; the most remarkable of these are Ballystrone , in Derry, 
and Croaghmore , in Antrim , both visible from Dunmull. 

Regular stratifications on the summits of hills and moun¬ 
tains, have been long a stumbling block to theorists ; the his¬ 
torian of the French Academy, for the year 171b, obviously 
ascribing the superficial inequalities of the earth, (like many 
others) to causes acting from below, and perceiving how in¬ 
compatible such assemblages of strata were to his theory, 
thinks it safer to doubt their existence, as they could not have 
been formed, he says “ unless the masses of the mountains 
“ were elevated in the direction of an axis perpendicular to the 
“ horizon : ce que n’apu etre que tres rare ” 

But as these stratified mounts are in our area by no means 
uncommon, they lay us under the necessity of suggesting 
another alternative similar to those we have already stated. 

Were these isolated hummocks originally formed as they 
now stand, (solitary and separate from each other) one by 
one ; or, are they the last remaining portions of a vast conso¬ 
lidated mass, of which the intermediate and connecting strata 
have been carried off by causes with which we are unac¬ 
quainted ? 

To be able satisfactorily to resolve this alternative, it be¬ 
comes necessary to take a careful view of the contiguous 
countries, and to try whether their construction, and the ar¬ 
rangement of their strata, will throw any light upon the 
subject. 
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When we examine the assemblage of hummocks above 
Knockmult, that is, Sconce , Fermoyle , and Altabrian, we find 
their materials and stratification, precisely similar to that of 
the country below them to the eastward, where the abrup¬ 
tions of the strata are displayed in long stony ridges ;—to the 
south, the abruptions on the summit of Ready mountain dis¬ 
cover the same similarity; and to the north-west the grand 
facade of Magilligan Rock , three miles distant, displays an 
accumulation of exactly the same sort of strata consolidated 
into an enormous mass. 

The hummock of Dunmull is formed of two very particular 
strata, a columnar, and an irregular prismatic ; but I shewed 
you, a mile to the northward, at the facades and quarries of 
Islamore and Craigahuller , at the base of the hill, that the 
whole ridge, on the summit of which Dunmull is placed, was 
a consolidated mass, formed by alternate strata of the same 
description : and that the arrangement of the whole country 
below, and adjacent, was precisely the same with that of the 
hummock of Clogher, I proved to you at the curious opening of 
the strata at Bushmills Bridge, and in the fagades at the 
Giant’s Causeway. 

After these proofs that so many (and I might proceed to 
the rest) of our detached hummocks, are in their construction 
and materials, similar to, and connected with, the main conso¬ 
lidated masses of which our country is formed, 1 think it will 
scarcely be asserted that these hummocks were originally 
formed, solitary and separate as they now stand ; but rather 
that they were once parts of that vast whole, and left behind 
in their present form, upon the removal of the contiguous 
portions of their strata, by some powerful agent, of whose 
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operations and modes of acting, we have hitherto obtained 
little knowledge. 

The highest point on the fagade of Cave Dill is called 
M 1 Art’s Castle, and appears to be a solitary fragment of a 
stratum, precisely similar to those below it, and obviously 
once extended like them. 

The irregularity of the summit of Fairhead, plainly shews 
that its gigantic columns once reached higher. 

And in the fagade of Magilligan, the highest of all, a few 
desultory patches of an upper stratum (no doubt once perfect 
and continuous ) are to be traced along its summit. 

Our mountains themselves seem to shew clearly that they 
were once higher ; the top of Magilligan mountain is an ex¬ 
tensive plain, over which a wandering stratum is interrupted 
and resumed at intervals for a great way. 

At the highest part of Donald’s Hill, over the valley of 
Glenuller, we find a hummock ; also at the termination of the 
ridge, at its highest part over the valley of Mayola, similar 
hummocks. 

I have the honour to be. 

Sir, 

Your obedient, humble Servant, 

W. RICHARDSON. 

Clonfecle, Jan. 2, 1808. 
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XV. A Letter on the Differences in the Structure of Calculi , which 
arise from their being fanned in different Parts of the urinary 
Passages ; and on the Effects that are produced upon them, by the 
internal Use of solvent Medicines, from Mr. William Brande 
to Everard Home, Esq. F. R. S. 

Read, May 19, 1808. 


Dear Sir, 

Having availed myself of the opportunity you procured for 
me, of making a chemical examination of the calculi con¬ 
tained in the Hunterian Museum, as well as those in your 
own collection, I herewith send you an account of what 
I have done. 

Should the observations appear to you to throw any new 
light upon the formation of calculi, I request that you will do 
me the honour of laying them before the Royal Society. 

The collection which I have examined, is not only uncom¬ 
monly large, but the greater part of the specimens have his¬ 
tories of the case annexed to them. 

This circumstance enabled me not only to ascertain the 
situations in which .the calculi were found, but likewise many 
of the circumstances attendant on their formation. 

I have therefore endeavoured to form an arrangement 
upon these principles, with a view to render the subject more 
clear and perspicuous. 
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SECTION I. 

Of Calculi formed in the Kidnies, and voided without having 

aftei wards undergone any Change in the urinary Passages. 

These have the following properties : 

They are of a brownish yellow colour, sometimes of a 
grayish hue, which seems to arise from a small portion of dry 
mucus adhering to their surface. 

They are entirely soluble in a solution of pure potash, and 
during their solution, they seldom emit an odour of ammonia. 

When heated to dryness, with nitric acid, the residuum is 
of a fine and permanent red colour. 

When exposed to the action of the blow-pipe, they blacken 
and emit a strong odour of burning animal matter, very dif¬ 
ferent from that of pure uric acid. This arises from a variable 
proportion of animal matter which they contain, and which 
occasions the loss in the analysis of these calculi. Its relative 
quantity is liable to much variation, as may be seen from the 
following statements. 

A calculus from the kidney, weighing seven grains, was 
dissolved in a solution of pure potash. A quantity of muriatic 
acid (rather more than sufficient for the saturation of the 
potash) was added, and the precipitate of uric acid thus ob¬ 
tained weighed when dry 4,5 grains. No other substance, 
except animal matter, which was evident on attempting to 
obtain the muriate of potash, could be detected, consequently 
the composition of this calculus was as follows: 
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Grs. 

4-5 

25 

7.0 

This is the largest proportion of animal matter which 
I have met with. 

A small calculus from the kidney, weighing 3.7 grains, 
afforded by a like treatment 3 .5 grains of uric acid, so that it 
was nearly a pure specimen of that substance. 

The largest calculus of this kind which I have examined 
weighed seventeen grains; much larger ones have been 
found, but there is no evidence of their not having remained 
in the urinary passages for some considerable time. Thus 
Dr. Heberden mentions one weighing twenty-eight grains.* 

It often happens that the ingredients are not united toge¬ 
ther so as to form a calculus, but are voided in the state of a 
fine powder, commonly termed sand. This consists either 
of uric acid, or of the ammoniaco-magnesian phosphate, alone, 
or with the phosphate of lime. 

I am induced to believe that the last mentioned substances, 
although the production of the kidnies, and held in solution, 
are never met with in a separate state till the urine has been 
at rest, and therefore, calculi from the kidnies are never com¬ 
posed of the phosphates. 

In a few instances, calculi from the kidnies, composed of 
oxalate of lime, are voided ; but this is a very rare occurrence : 
of three preserved in the Hunterian Collection, two are 


Uric acid 
Animal matter 


* Comment, on the Hist, and Cure of Diseases, 3 d. edit, p. 83. 
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extremely small and hard, having an appearance of being 
made up of several smaller calculi, of a dark brown colour. 
The third is of the size of a small pea, its surface smooth, and 
of a gray colour, and not very hard. 


SECTION II. 

Of Calculi which have been retained in the Kidney. 

When one or more of the calculi described in the preced¬ 
ing section are detained in the infundibula or pelvis of the 
kidney, it frequently happens that they increase in that situa¬ 
tion to a considerable size. 

This increase is of two kinds. 

1. Where there is a great disposition to the formation of 
uric acid, the calculus consists wholly of that substance and 
animal matter, so as frequently to form a complete cast of the 
pelvis of the kidney. 

2. Where there is less disposition to form uric acid, the 
external laminae are composed of the ammoniaco-magnesian 
phosphate, and phosphate of lime. 

In one instance, a small uric calculus had been deposited 
in the kidney, in such a situation that its upper surface was 
exposed to a continual stream of urine, upon which beautiful 
crystals of the triple phosphate had been deposited. It would 
therefore seem, that under common circumstances, a stream 
of urine passing over a calculus of uric acid, has a tendency 
to deposit the phosphate upon it. 
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SECTION III. 

Of Calculi of the urinary Bladder. 

Calculi met with in the bladder are of four kinds. 

1. Those formed upon nuclei of uric acid, from the kidney. 

2. Those formed upon nuclei of oxalate of lime, from the 
kidney. 

3. Those formed upon sand or animal mucus, deposited in 
the bladder. 

4. Those formed upon extraneous bodies introduced into 
the bladder. 

They were arranged under the following divisions. 

1. Calculi, which from their external appearance, consist 
chiefly of uric acid. 

These calculi vary in colour from a deep reddish brown, 
to a pale yellowish brown. 

They are either entirely soluble in a solution of pure 
potash, or nearly so. 

During their solution they frequently emit the odour of 
ammonia. 

When, acetic acid is added to their alcaline solution, a pre¬ 
cipitate possessing the properties of uric acid is obtained. 

2. Calculi, composed chiefly of the ammoniaco-magnesian 
phosphate, or of phosphate of lime, or of mixtures of the two. 

These calculi are externally of a whiter appearance than 
the former. 

Some perfectly white, others gra}', occasionally exhibiting 
small prismatic crystals upon their surface ; others again soft 
and friable, a good deal resembling chalk. They are further 
characterised by their solubility in dilute muriatic acid. 

G g 2 
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3. Calculi, containing oxalate of lime ; commonly called 
mulberry calculi. 

These are distinguished by the difficulty with which they 
dissolve in dilute acids, by their hardness, and by leaving 
pure lime, when exposed to the action of the blowpipe 

In the examination of these calculi, I was struck with the 
small number of those strictly belonging to the first division, 
having been led, from the account of Fourcroy and Vau- 
quelin,* and the experiments of Dr. Pearson,^ to believe 
that calculi, composed of pure uric acid, were by no mean 
unfrequent. 

The greater number of the calculi examined by the former 
chemists, are stated to be completely soluble in the fixed al- 
caline leys; and of three hundred examined by Dr. Pearson, 
a large proportion is said to consist of uric acid. 

The following is a statement of the composition of the dif¬ 
ferent calculi found in the bladder which I have examined. 

16 were composed of uric acid. 

45-uric acid with a small relative pro¬ 

portion of the phosphates. 

66 . .the phosphates, with a relatively small 

proportion of uric acid. 

12-of the phosphates entirely. 

5 --- of uric acid, with the phosphates and 

nuclei of oxalate of lime. 

6 -■- chiefly of oxalate of lime. 

150 

* Annalesde Chemie, xxxii. 21#. 
f Philos. Trans. 1798. p. 37. 
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To injure these calculi as little as possible, they were care¬ 
fully cut through with a fine saw, and a portion of the whole 
cut surface removed by a file; in this way all the different 
ingredients of the calculi were obtained. 

In the experiments upon uric calculi from the bladder, I 
found, in most instances, a far more considerable loss in at¬ 
tempting to obtain their pure uric acid, than in the kidney 
calculi, which led me to suppose that they contained urea 
and that the presence of this substance, with some of the 
salts of urine, and with small portions of the ammoniaco- 
magnesian phosphate, was the cause of the occasional evolu¬ 
tion of ammonia when treated with the fixed alcalies, and of 
their easy solub'lity in those substances. 

To determine this point a small calculus, weighing twenty- 
five grains, and of the species commonly supposed to consist 
of urate of ammonia,* was digested for two hours with water 
in a very moderate heat. The water which had assumed a 
pale yellow colour was filtered off', and fresh water added to 
the residuum three successive times, when it appeared that 
every thing soluble in that fluid was separated. The insoluble 
part of the calculus being now carefully dried and weighed, 
was found to have lost 5.5 grains. 

The aqueous solution was evaporated by a gentle heat, 
nearly to dryness, and a substance w>as obtained having all the 
properties of urea, in combination with a small portion of 
muriate of ammonia, and of the ammoniaco-magnesian phos¬ 
phate. 

* FourcroY observes that urate of ammonia is easily detected by its rapid solu¬ 
bility in the fixed alcalies, and the odour of ammonia, which is perceived during its 
solution.—Vide Thomson’s Syst. of Chem. voh v. p. 691. 
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Sixty grains of another calculus of a considerable size, sup¬ 
posed from a superficial analysis, to consist of nearly pure 
urate of ammonia, were digested at a low temperature in one 
ounce of alcohol. In an hour the alcohol was decanted off, 
and fresh portions were added successively, as long as it ap¬ 
peared to act upon the calculus, which after having been care¬ 
fully dried in a temperature below 212 0 , weighed 54.8. grains, 
so that 5.2 grains had been taken up by the alcohol. 

On evaporating the alcoholic solutions, a substance was 
obtained having all the properties of urea, with a small por¬ 
tion of saline matter, probably muriate of ammonia, as by the 
addition of potash, a slight ammoniacal odour was perceptible ; 
its quantity however was too minute for accurate examination. 

The remaining portion of the calculus, weighing 34.8 
grains, was treated with small portions of acetic acid, by 
which 6 . grains of the ammoniaco-magnesian phosphate were 
obtained. 

The part of the calculus remaining after this treatment, 
weighing 48.8 grains was perfectly soluble in a solution of 
pure potash ; it emitted no ammoniacal odour when acted upon 
by the alcali, and possessed the properties of pure uric acid. 

The following therefore is the composition of this calculus. 

Grains, 

Urea, and muriate of ammonia - - 5.2 

Ammoniaco-magnesian phosphate - 6 . 

Uric acid - - - 48.8 

bo. 

From these and many similar experiments upon other cal- 
cu\\, Yntberto generally supposed to Consist of Unite of <UU* 
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monia, I am induced to believe that the evolution of ammonia 
depends in all instances upon the decomposition of the am- 
moniacal salts contained in the calculus, more especially of 
the ammoniaco-magnesian phosphate, and that no substance 
which can be called urate of ammonia, exists in calculi. 

The mulberry calculus (oxalate of lime) I have but rarely 
met with. In those preserved in the Hunterian Collection, 
there is a large relative proportion of phosphate of lime, and 
of uric acid. The purest of them afforded 


Oxalate of lime 

Grains. 

Uric acid 

16. 

Phosphate of lime 

1 5- 

Loss in animal matter 

4- 


100. 


When calculi of the urinary bladder increase to a very 
large size, they are generally composed of two or even three 
of the above mentioned varieties, the ammoniaco-magnesian 
phosphate being situated externally, and in the greatest abun¬ 
dance. 

The largest calculus which I have seen, weighed, when re¬ 
cently removed from the bladder, twenty-three ounces and 
twenty-six grains. It consisted of a large mulberry or oxa¬ 
late of lime calculus, the nucleus of which was uric acid, sur¬ 
rounded by a considerable quantity of the ammoniaco-mag¬ 
nesian phosphate in a very pure state. 

Another very large calculus, weighing fifteen ounces and 
a half, consisted of a nucleus of uric acid, enveloped in the 
ammoniaco-magnesian phosphate, not however pure, but in¬ 
tersected by several lamina of uric acid. 
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Four distinct substances are extremely rare in calculi; I 
have seen one in which the uric acid, the ammoniaco-mag- 
nesian phosphate, the phosphate of lime, and the oxalate of 
lime, were all in perfectly separate and distinct layers. 

Four calculi, having the following extraneous substances 
for their nuclei were examined. 

1. A common garden pea. 

2. A needle. 

3. A hazle nut. 

4. A part of a common bougie. 

In the two first instances, the calculous depositions were of 
a pale gray colour, inclining to white ; soft and friable in their 
texture, and entirely soluble in muriatic acid. 

The composition of the first was as follows ; 

Grains. 


Phosphate of lime - - 65. 

Ammoniaco-magnesian phosphate - 28. 

Loss 7. 

100. 

Of the second; 

Phosphate of lime - - 45. 

Ammoniaco-magnesian phosphate - 38. 

Oxalate of lime - - - 12. 

Loss 5. 

100.* 


The deposition of calculous matter upon the bougie was 
covered with blood, and in very small quantity, the bougie 

* It appears that in this case there had been an accidental disposition to the for- 
mation of oxalate of lime. 
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having been removed by an operation soon after it had passed 
into the bladder. It appeared to consist chiefly of phosphate 
of lime. 

The incrustation upon the hazel nut was also destitute of 
uric acid. 

SECTION IV. 

Of Calculi of the Urethra. 

All those that were examined had escaped from the bladder 
while very small, and had afterwards lodged in the membra¬ 
nous part of the urethra, where they had increased in size, and 
formed a cavity in which they were more or less embedded. 

Two of these calculi were broken. 

The fragments consisted in one instance, of ammoniaco- 
magnesian phosphate, and phosphate of lime, with a small 
portion of uric acid : and in the other the fragments were 
composed entirely of the ammoniaco-magnesian phosphate. 

The third calculus was of a very remarkable appearance ; 
its form being that of a perfect sphere, about half an inch in 
diameter. It was coated with small but very regular crystals 
of the triple phosphate in its purest state. On account of the 
singularity of the form and external appearance of this cal¬ 
culus, it was not sawn through; the nucleus, in all proba¬ 
bility, is a small kidney calculus, which lodging in the urethra 
has become coated with triple phosphate. 

SECTION V. 

Analysis of Calculi from other Animals. 

1. The Horse. 

A. From the kidney . 
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A very large calculus, from the kidney of a horse, was 
composed of 

Phosphate of lime - - 7 6 

Carbonate of lime - - 22 

98. 

B. From the bladder . 

This calculus was also of a large size, its weight when per¬ 
fectly dry, nine ounces and a half, its external surface very 
irregular, of a reddish brown colour, and covered with minute 
crystals of the ammoniaco-magnesian phosphate. On making 
a section of it, the internal structure exhibited a radiated ap¬ 
pearance, and was of a light brown colour. It consisted of 


Phosphate of lime - - 45. 

Ammoniaco-magnesian phosphate - 28. 

Animal matter - - - 15. 

Carbonate of lime - - 10. 

98. 


In another case the bladder of a horse was found to be 
nearly full of sand, the composition of which was as follows: 

Phosphate of lime - - 60. 

Carbonate of lime - - 40. 

100. 

2. The Ox. 

A number of small calculi from the size of a pea down¬ 
wards, are not unfrequently found in the bladder of the 
ox. Those in the Hunterian Collection are of a pale brown 
colour, and of the size just mentioned ; some of them have 
the mulberry appearance. 
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They consist of carbonate of lime and animal matter, which 
last substance retains the form of the calculus, after it has 
been acted upon by diluted acids. 

3. The Sheep. 

A calculus from the kidney of a sheep was composed of 


Phosphate of lime 

72. 

Carbonate of lime 

20. 

Animal matter 

8. 


100. 


4. The Rhinoceros. 

The urine of this animal is exceedingly turbid at the time 
it is voided, and when allowed to remain at rest, deposites a 
very large proportion of sediment, which consists of carbonate 
of lime, with small portions of phosphate of lime and animal 
matter. 

5. The Dog. 

A large calculus from the bladder of a dog twenty years 
old, weighing sixteen ounces, was extremely hard, and of a 
gray colour; when cut through, it exhibited a nucleus about 
the size of a hazel nut, partly made up of concentric layers of 
phosphate of lime, and partly of crystals of the ammoniaco- 
magnesian phosphate. The part of the stone surrounding the 
nucleus consisted of 

Phosphate of lime - 64. 

Ammoniaco-magnesian phosphate - 30. 

Animal matter - 6 . 

100. 

Sand taken from a dog’s bladder was of a gray colour, and 
contained 
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Carbonate of lime - - so. 

Phosphate of lime - 80. 

100. 

6 . The Hog. 

A calculus from the bladder of this animal weighed nine¬ 
teen drachms ; it was of a pale gray colour inclining to white, 
and so hard that it was with difficulty cut through. Its in¬ 
ternal structure was uniform, and there was no appearance 
of a nucleus. It was composed of 

Carbonate of lime - go. 

Animal matter - - 10. 

100. 

7. The Rabbit. 

A calculus from the rabbit's bladder weighing four drachms, 
was of a dark gray colour, and appeared as if composed of 
several smaller calculi. It consisted of 


Phosphate of lime 

39 - 

Carbonate of lime 

42. 

Animal matter 

19 * 


100. 


SECTION VI. 


General Inferences. 

It appears from the preceding observations, that calculi 
formed in the kidnies, and immediately voided, are almost 
always composed of uric acid; and that the phosphates are 
very frequent ingredients in calculi of the bladder, more 
especially in those, which, from their situation, have been ex¬ 
posed to a continual current of urine : they also uniformly are 
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deposited upon extraneous substances introduced into the 
bladder, but appear never to form small kidney calculi. 

In what is commonly called a fit of the gravel, a small uric 
calculus is formed in the kidney, and passes along the ureter 
into the bladder. 

It is found from observation, that for some time after a 
stone has passed from the kidney, the urine is generally un¬ 
usually loaded with uric acid, and deposites that substance 
upon the nucleus now in the bladder. When this period, 
which is longer or shorter in different individuals, has elapsed, 
the subsequent addition to the calculus consists principally of 
the phosphates. 

Where the disposition therefore to form uric acid in the 
kidnies is very great and permanent, the calculus found in the 
bladder is principally composed of uric acid; but where this dis¬ 
position is weak and of short duration, the nucleus only is uric 
acid, and the bulk of the stone is composed of the phosphates. 

Where the increased secretion of uric acid returns at in¬ 
tervals, the calculus is composed of alternate layers of uric 
acid and the phosphates. 

Other small calculi being formed in the kidney, make their 
way into the bladder, and afford fresh nuclei; so that several 
calculi are sometimes found in the same bladder, and their 
composition is usually nearly the same. 

In other cases it happens, that a constant increased secre¬ 
tion of uric acid is going on from the kidnies, only in small 
quantity, which will be more uniformly mixed with the phos¬ 
phates deposited in the bladder, and where the uric acid pre¬ 
dominates, the species of calculus denominated improperly, 
urate of ammonia , will be produced. 
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We are entirely ignorant of the cause of the formation 
of the oxalate of lime, or mulberry calculus. I have fre¬ 
quently looked for oxalate of lime in the urine of calculous 
patients, but have never been able to detect it, and as it does 
not exist in healthy urine, it must be regarded as a morbid 
secretion. Its mode of formation seems to resemble that of 
uric acid, since small kidney calculi, composed of oxalate of 
lime, have in a few instances been voided ; and in these cases, 
as far as my own enquiries go, the persons have been much 
less liable to a return of the complaint, than where uric calculi 
have been voided. 

In some rare instances we meet with calculi of the bladder 
which are destitute of uric acid, and of oxalate of lime, the 
nucleus being composed of a little loosely agglutinated am- 
moniaco-magnesian phosphate, and the whole calculus con¬ 
sisting of that substance, with variable portions of phosphate of 
lime : in two cases I have met with calculi of this kind, com¬ 
posed of the triple phosphate only : they seem to be entirely 
formed in the bladder. 

Having taken this short view of the formation of calculi, I 
shall now enquire into the action of solvents, employed either 
with a view of effecting their solution, or of preventing their 
formation and increase. 

Solvents are of two kinds. 

1. Alkaline. 2. Acid. 

In the exhibition of these, the practitioner is usually guided 
by the chemical composition of the calculous matter voided 
by urine. 

The different kinds of gravel voided by persons labouring 
under calculous complaints, may be classed in two divisions. 
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1. Uric acid , either in a pure state, or with a very small 
proportion of the phosphates. 

2. The phosphates , either pure, or with a small proportion 
of uric acid. 

The first species, which generally appears in the form of 
minute crystalline grains, of a reddish brown colour, or of an 
impalpable brown powder, is either entirely soluble in pure 
alkaline solutions, not emitting an ammoniacal odour, in which 
case it consists of pure uric acid : or it does emit an ammo¬ 
niacal odour, and is not entirely soluble, in which case it con¬ 
tains the triple phosphate of ammonia and magnesia. 

When this substance is observed in the urine, the alkalies 
are recommended. They are exhibited either in a pure state, 
or as carbonates, and in each instance the uric sediment gene¬ 
rally diminishes rapidly, and during the continued use of alka¬ 
line medicines, occasionally disappears altogether. 

It however frequently happens that the matter voided, is 
not diminished in quantity by the use of alkalies, but that its 
form and composition are altered, and that it assumes the ap¬ 
pearance of a gray powder, and is composed of uric acid with 
variable portions of the ammoniaco-magnesian phosphate. 

From these facts therefore, it cannot be doubted that the 
internal exhibition of alkalies, often prevents the formation of 
uric acid, and hence must likewise prevent the increase of a 
calculus in the bladder, as far at least as uric acid is concerned ; 
but it has also been supposed that the alkalies are capable of 
acting upon the stone itself, and even of effecting its complete 
solution. It is true that if we immerse a calculus, composed 
of uric add, in a dilute solution of caustic alkali, that it will 
be slowly acted upon, and after some time entirely dissolved. 
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If however we attend to what would take place in the body, 
we shall find the circumstances very different. 

That alkaline carbonates and sub-carbonates exert no action 
upon uric acid I consider to be completely established, both by 
the experiments of several eminent chemists, and those I have 
myself made upon the subject; and as there is at all times a 
quantity of uncombined acid in the urine, it follows that al¬ 
though the alcali may arrive at the kidnies in its pure state, it 
will there unite with the uncombined acid, and be rendered 
incapable of exerting any action upon the calculus in the 
bladder. Besides phosphoric acid, the urine always contains 
a quantity of uncombined carbonic acid; this is proved by 
placing a quantity of recently voided urine under the receiver 
of an air pump; during the exhaustion, a large quantity of 
carbonic add gas makes its escape: and when urine is dis¬ 
tilled at very low temperatures, carbonic acid gas is given off': 
and also, when lime water is poured into urine, a precipitate 
appears, consisting of phosphate and carbonate of lime. 

Lime water, on account of the insoluble compounds which 
lime forms with carbonic, and phosphoric acids, is even more 
objectionable as a solvent, than the alkalies. 

It may however be said, that if these means prevent the 
increase of a calculus, material relief is afforded to the patient. 
How far the exhibition of alkaline remedies can be recom¬ 
mended upon these grounds, will appear, when the circum¬ 
stances which attend the formation of the second species of 
calculous sediment or deposition in the urine, are considered. 

The ammoniaco-magnesian phosphate appears under two 
forms : it is either voided in a solid state, or in solution. In 
the former case it bears a good deal of resemblance to a white 
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sand, and is frequently mixed with variable proportions of 
phosphate of lime. In the latter it makes its appearance after 
the urine has remained undisturbed for some hours in an open 
vessel, generally in the form of a fine pellicle, or of crystal¬ 
line laminae, which when collected and dried bear some re¬ 
semblance to boracic acid. 

Its putting on this form is accounted for, from its being held 
in solution in the first instance by carbonic acid, and as this 
flies off', the triple salt makes its appearance. If a portion of 
the urine be preserved in a phial closely stopped, the carbonic 
acid cannot escape, and consequently no phosphate is observed 
to separate. There is also a quantity of phosphoric acid pre¬ 
sent, which keeps another portion of the ammoniaco-magne- 
sian phosphate, and also some lime (in the state of super 
phosphate of lime) in solution. 

It is therefore obvious, that whenever the urine is deprived 
of a portion of the acid which is natural to it, the deposition 
of the triple phosphate, and phosphate of lime, more readily 
takes place : this is effected by the exhibition of the alkalies. 

It may therefore be asserted, that although alkaline medi¬ 
cines often tend to diminish the quantity of uric acid, and thin 
to prevent the addition of that substance in its pure state, to a 
calculus in the bladder; they favour the deposition of tin* 
phosphates. 

It cannot be doubted that the alkalies reach the.bladder, 
since in cases where large doses of sub-carbonate of potash 
have been exhibited, I have seen evident traces of it in the 
urine. 

Where the phosphates only are voided, it has been pro- 
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posed to dissolve the calculus by the exhibition of acids, and 
more especially the muriatic acid. 

During the use of the muriatic acid, the phosphates are 
either diminished or disappear altogether; and even sometimes 
the urine acquires an additional acidity : a solution of that part 
of the calculus which consists of the phosphates might there¬ 
fore be expected; but even then the nucleus of uric acid 
would remain, and thus a great deal of time would be lost 
without any permanent advantage. 

I have also occasionally remarked, that during the use of 
acids, the uric acid re-appears, and even seems to be aug¬ 
mented in quantity. 

Attempts have been made at different times to effect the 
solution of calculi, by the injection of solvents into the blad¬ 
der. This subject has been more lately revived by Fouii- 
croy and Vauquelin, who, in their paper on the composition 
of calculi, lay down rules for its practice. Independent, how¬ 
ever, of the impossibility of ascertaining the composition of 
the calculus with sufficient accuracy, it is obvious, that were 
the composition of the surface of the calculus known, the fre¬ 
quent introduction of an instrument into the bladder, and 
the long continuance of the process which would be neces¬ 
sary, even where the calculi are small, are insurmountable 
objections ; and whenever this mode of treatment has been 
adopted„it has speedily been relinquished, as it always aggra¬ 
vates the sufferings of the patient. 

It has been shewn that in the majority of cases, the nuclei 
of calculi originate in the kidnies, and that of these nuclei by 
far the greater number consist of uric acid ; the good effects 
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therefore so frequently observed during the use of an alkali, 
arise, not from any actual solution of calculous matter, but 
from the power which it possesses of diminishing the secretion 
of uric acid, and thus preventing the enlargement of the cal¬ 
culus, so that, while of a very small form, it may be voided 
by the urethra. 
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XVI, Some Observations on Mr, Brando’s Paper on Cahu/i, 
By Everard Home, Esq. F. R, S. 

Read May 19, 1808. 

1 hat calculi in the human bladder are not dissolved by the 
internal use of alkaline medicines, is an opinion which I have 
long entertained, but the grounds of failure so clearly pointed 
out by Mr. W. Brande, were not known to me: I onlv 
knew from experience, that, to whatever extent the medi¬ 
cines are given, no such effect takes place. The circumstance 
of the exterior laminae of calculi extracted from patients, 
who had persevered in a course of alkaline preparations, 
having been found softer than the parts towards the centre, 
has always been considered as a proof of the action of the 
medicines upon the calculus, and led to the belief, that where 
the stone was small, it might be wholly dissolved. This, 
however, Mr. W. Brande has now proved to be a deception, 
and that the soft part is not a portion of the original calculus, 
but a newly formed substance, in which the uric acid is not 
deposited in crystals, but mechanically mixed with the phos¬ 
phates, and the animal mucus in the urine. 

Having met with cases, which confirm Mr. W. Brande’s 
observations, it will be satisfactory to state them, as they may 
assist in doing away many erroneous notions generally enter¬ 
tained on this subject. 
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The opinion, that calculi in the human bladder have been 
entirely dissolved, has received its principal support from in¬ 
stances having occurred, and those by no means few in num¬ 
ber, where the symptoms went entirely away while the patients 
were using alkaline medicines, and never afterwards returned. 
This evidence appears to be very strong, but it will be found 
from the following cases that it is not so in reality. Since the 
fallacy has been detected in all the instances in which an 
opportunity was afforded of examining the bladder after 
death. Two of these I shall particularly notice, because they 
were published during the patients’ life time in proof of the 
stone having been dissolved. 

Both patients were great sufferers from the symptoms of 
stone for many years; but when they arrived at the age of 
sixty-eight, or thereabout, the symptoms entirely left them. 
The one had been taking the saline draught in a state of effer¬ 
vescence, under the direction of the late Dr. Hulme : the 
cure was attributed to this medicine, and the case was pub¬ 
lished in proof of its efficacy. When the patient died I 
examined the bladder, and found twenty calculi; the largest 
of the size of a hazel nut, the others smaller. It appeared 
that the going off' of the symptoms had arisen from the pos¬ 
terior lobe of the prostate gland having become enlarged (a 
change which it frequently undergoes about that period of 
life,) and having formed a barrier between the calculi and 
the orifice of the bladder, so that they no longer irritated 
that part either in the act of making water, or in the different 
movements of the body, but lay in the lower posterior part 
of the bladder without producing any disturbance. Their 
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number prevented the pressure from being great upon any 
one part of the intestine immediately behind the bladder, and 
their motion on one another rendered their external surface 
smooth, and probably prevented their rapid increase. The 
other patient was under a course of Perry's lixivium; and 
when the symptoms went away, he published the case in 
proof of the efficacy of that medicine in dissolving the stone. 

I examined the bladder after death, and found fourteen 
calculi; the largest of the size of a nutmeg, the others 
smaller. There was the same enlargement of the posterior 
lobe of the prostate gland, and the calculi were exactly 
under the same circumstances as in the former case. 

In several cases, in which I have examined the body after 
death, calculi have been found inclosed in cysts, formed be¬ 
tween the fasciculi of the muscular coat of the bladder, so as 
to be entirely excluded from the general cavity, and there¬ 
fore had not produced any of the common symptoms of stone. 
I have seen in the same bladder, two, three, and even four 
such cysts, each containing a calculus of the size of a walnut. 

It is a circumstance deserving notice, that in the case, which 
gave celebrity to Mrs. Stevens's medicine, and procured her 
a remuneration from Parliament, the bladder was not ex¬ 
amined after death. 

That calculi in the bladder do sometimes increase, while the 
patient is using alkaline medicines, is fully proved by the 
following examples, which also shew that the uric acid and 
phosphates are formed in different proportions, according to 
the peculiarities of the constitution, 

A gentleman who suffered from symptoms of stone was 



Mr. Brande's Paper on Calculi. 247 

sounded and a stone was found in his bladder. I put him 
on a course of alkaline medicines, and he voided a small com¬ 
pact calculus, composed of uric acid, and evidently formed in 
the kidney. He was desired to persist in the use of the medi¬ 
cines, which he did at intervals for four or five years, suffer¬ 
ing occasionally in a slight degree, but he did not pass any 
more calculi. He died at the age of seventy-five. On examin¬ 
ing the bladder, its whole cavity, (the capacity of which 
was equal to a pint measure) was completely filled with soft, 
light, spongy calculi, three hundred and fifty in number, 
and of different sizes, from that of a walnut to a small pea. 
They were composed of a mixture of uric acid in powder, the 
phosphates, and animal mucus ; and differed so much from 
the calculus voided soon after the patient began the use of 
alkalies, that they appear to have been formed after that period 
in the manner mentioned by Mr. W. Brande. 

A gentleman, who was found to have a stone in his blad¬ 
der, was persuaded that it was so small that it might be dis¬ 
solved, and with this view he took the fossil alkali, both in 
its caustic and mild state, for about three months; but at the 
end of that period the symptoms were encreased, and he 
submitted to have it extracted by an operation. On ex- 
aminining the calculus after it was extracted, the external 
part, for the thickness of ^ of an inch, was entirely com¬ 
posed of triple phosphate, in a state of perfect spiculated 
crystals, so as to present a very rough irritating surface to 
the internal membrane of the bladder, while the inner parts 
of the calculus were made up of a mixture of uric acid and 
phosphates, so that the alkali had prevented the formation 



24$ Mt\ Home's Obscn'atwns , &c. 

of uric acid, but the phosphates were deposited more rapidly 
than before. 

A gentleman, in whose urine the uric acid appears in a 
solid form, immediately after it is voided, has the same 
appearance in the urine, even when nine drachms of soda dis¬ 
solved in water, impregnated with carbonic acid, are taken in 
twenty-four hours ; so that in this instance the alkali does not 
even counteract the formation of uric acid. 
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XVII. On the Changes produced in Atmospheric Air, and Oxygen 
Gas, by Respiration. By W. Allen, Esq. F. R. S. and W- 
H. Pepys, Esq. F. R. S. 

Read June if>th, 1808. 

The process of respiration, or breathing, is so intimately con¬ 
nected with our existence in life, that from its first moments* 
to the final close, sleeping and waking, this necessary action 
is constantly maintained: nor can it be suspended even for a 
few minutes without considerable pain and the utmost danger. 
This important process has of course excited the curiosity both 
of ancient and modern philosophers ; among the latter we find 
the distinguished names of Mayow, Priestley, Goodwin, 
Mexzies, Spallanzani,Scheele, Lavoisier and Davy, whose 
successive labours have thrown great light upon tills difficult 
subject, and prepared the way for farther investigation ; but it 
is impossible to take a review of what has already been done, 
without perceiving that some important points were by no 
means satisfactorily settled ; an accurate method of separa¬ 
ting the different gasses,and ascertaining their exact proportion 
in any given mixture, w r as still a desideratum when many of 
the experiments were made, and it is only of late years that 
Eudiometry lias attained its present perfection : the quantity 
of residual gas in the lungs after a forced expiration was a 
matter in dispute among former experimenters, some making 
it one hundred and nine cubic inches, and others only forty: 
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and yet it is of the utmost consequence in all calculations 
upon the effects produced, especially upon small portions of 
gas, that the state of the lungs should be accurately deter¬ 
mined ; this constitutes the great difficulty in the investiga¬ 
tions. We therefore commenced our labours by constructing 
an apparatus, in which we are able to respire from three to 
four thousand cubic inches of gas, conceiving, that in this 
quantity, the error arising from the residual gas in the lungs 
must be so much obviated as to permit the most satisfactory 
results. 

The apparatus consists of three gasometers, two of which 
are filled with mercury, and one with distilled water. 

The water gasometer which belongs to the Royal Institu¬ 
tion, is capable of holding four thousand two hundred cubic 
inches of gas, and each of the mercurial ones three hundred 
cubic inches: the apparatus was so arranged that the inspi¬ 
rations were all made from the water gasometer, and the 
expirations into the mercurial gasometers alternately. Each 
of the gasometers is furnished with a graduated scale, and they 
are all made to range with each other, so that the quantity of 
gas inspired and expired could be immediately and exactly 
ascertained : to each of the mercurial gasometers a glass tube 
is fixed, and made to enter a mercurial bath, from which 
portions of the expired air could at any time be taken for 
examination. 

By the kindness of our friend Silvan us Be van, we are 
enabled to give an accurate drawing of the apparatus. 
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Description. 

Fig. 1. The communication with the water gasometer. 

2. A cock so constructed that it might be made to com¬ 
municate with either of the mercurial gasometers, 
while at the same time all connexion with the other 
was cut off. 

A. The mouth piece. 

Fig. 3. to 10. Brass cocks. 

G. 1. and G. 2. Mercurial gasometers. 

S. S. Scales graduated to cubic inches. 

M. Mercurial bath. 

The large reservoir or water gasometer is not shewn in 
this drawing, it having been so frequently described in che¬ 
mical works. 

Manner of conducting the Experiment. 

Our first care was, to be certain that all the parts of our 
apparatus were perfectly air-tight, and this, from the nature 
of it, was very easily ascertained ; we agreed that the breath¬ 
ing should always be performed by one of us, and the regis¬ 
tering, &c. by the other, as each w ould by that means acquire 
a greater degree of dexterity in performing his part, and the 
results would be more uniform. 

The water gasometer being filled with common air to a 
certain mark upon the scale, and the mercurial ones com¬ 
pletely empty, the person to breathe, whom we shall uni¬ 
formly call the operator, was seated upon a stool, with his 
mouth even with the tube A., his nose being secured with 
a steel clip. He made as complete an expiration as possible 
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into the open air, then applying his lips to the tube, and keep¬ 
ing his left hand constantly on the cock, fig. 1, and his right 
hand on the cock, fig. 2, he opened the communication with 
the water gasometer, and made an inspiration ; then imme¬ 
diately closing it, he opened with his right hand the cock 
at 2 ; and that at 4 being also opened, he expired into the 
mercurial gasometer G. 1.; then closing 2, which cut off all 
communication with the mercurial gasometer, he opened 1, 
in order to make a fresh inspiration; then closing it, he again 
opened 2, and expired into the mercurial gasometer; and 
proceeding in this way, always taking care to shut one cock 
before the other was opened, the air was made to pass from 
the water gasometer, through the lungs of the operator into 
the mercurial gasometer, and this with great ease, as the dia¬ 
meters of the tubes were purposely made large. The scale 
of the mercurial gasometer was carefully noticed, and when 
nearly full, the cock 4 underneath w r as shut off: then, by a 
signal from the operator, his colleague opened 3, and the ex¬ 
pirations were received in G. 2. While this was filling, the 
number of cubic inches in G. 1 was registered, a portion saved 
in the mercurial bath, and the rest quickly expelled. This 
operation was repeated until the contents of about twelve or 
thirteen mercurial gasometers were taken off; the operator 
always concluding with a strong effort to empty his lungs 
as completely as possible. The quantity inspired from the 
w ater gasometer was then compared with the quantities ex¬ 
pired into the mercurial gasometers, and the difference noted. 
The following are the results of the first ten experiments. 
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No. 

Time. 

Cubic inches 
ot common air 
Inspired. 

Cubic Inches 
of Gas 
Expired. 

Deficiency 

1 . 

time not noted 

3760 

3741 

19 

2. 

1 1 minutes 

39 00 

3869 

3 1 

3‘ 

i°i- 

3624 

3620 

4 

4. 

ioi- 

357° 

3550 

20 

$• 

11 - 

3685 

3%3 

3^ 

6. 

11 - 

33 So 

3355 

2 5 

7- 

lOjr - 

3180 

3H 1 

39 

8. 

ioi- 

336o 

3 2 9 8 

62 

9- 

ioi - 

3 2 9° 

3267 

2 3 

10 . 

1 1 - 

3580 

3543 

37 


In this last experiment we ascertained that the expired gas 
contained 8 per cent, of carbonic acid. 

The breathing in these cases was as nearly natural as we 
conceive it possible to be in any apparatus ; the operator was 
scarcely fatigued, and his pulse not raised more than about one 
beat in a minute; the respirations however were deeper and 
fewer than natural, amounting only to about 58 in eleven 
minutes, whereas from repeated observations at different and 
distant times he makes 19 in a minute. The smallness of the 
deficiency surprised us very much, as, from the reports of 
other experimenters we had been prepared to expect a much 
greater loss. It might be objected that the air was rarefied 
by passing through the lungs ; but this was almost imme¬ 
diately counteracted by the mass of quicksilver in the gaso¬ 
meters, which amounted at least to one hundred and fifty 
pounds ; and we have repeatedly noticed, that air under these 
circumstances has suffered no perceptible diminution by stand¬ 
ing for a considerable time; in one case, in which air from 
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the lungs was driven into the mercurial gasometers for 
twenty-seven minutes, the temperature of the quicksilver at 
the end of the experiment was not raised half a degree of 
Fahrenheit's thermometer. The deficiency, in our opinion, 
principally arises from the difficulty in bringing the lungs 
precisely to the same state after, as before the experiment; 
and it must be recollected that the operator commenced by a 
forcible expiration into the open air, but finished by a forcible 
expiration into the mercurial gasometer. Now, although this 
gasometer was counterpoised by weights in the scale at¬ 
tached to it, yet we can easily conceive that more resistance 
might be afforded to the complete evacuation in the latter 
case than in the former, and consequently the lungs might 
contain a few inches more after the experiment than before 
it, which might in some measure account for the deficiency. 

In the eleventh experiment, portions of gas were taken 
off from each of the mercurial gasometers as they were filled, 
and these portions being afterwards mixed were carefully 


examined. 



Eleventh Experiment. 



rr. Cubic Inches 

Thermom. rr- £ 

Barom. ^ Time, or common air 

Faht ‘ Inspired. 

Cubic inches 
Expired. 

Deficiency. 

30,4 50” 11 min. 3460 

3437 

23 


To prevent repetition, we shall here state that all the trials 
were made in the same manner, and with the same apparatus, 
namely, the Eudiometer, described in the Society's Transac¬ 
tions for 1807, in which one cubic inch is divided into one 
hundred parts ; and that in almost every instance we made 
two, and sometimes three experiments on the same gas, and 
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derived fresh confidence from the remarkable coincidence 
and uniformity of the results. No precaution was at any 
time omitted which appeared to us necessary to insure 
accuracy. 

, One hundred parts of the expired gas being agitated with 
lime water in the eudiometer, the lime water became tur¬ 
bid, and 8.5 parts of the gas were absorbed, which were 
consequently carbonic acid; the remaining 91.5 parts were 
treated with the green sulphate of iron, saturated with nitrous 
gas, as recommended by Professor Davy, and afterwards 
with the simple solution of the green sulphate, when 12.5 
parts were absorbed, which were consequently oxygen, and 
the remaining 79 azote. 

100 parts of the expired gas therefore consisted of 
8.5 carbonic acid. 

12.5 oxygen. 

79. azote. 

100 

The air contained in the water gasometer, previous to the 
experiment, being examined by the same tests, consisted 
in 100 parts of 

21 oxygen. 

79 azote. 

100 

In trying common atmospheric air with lime w 7 ater, we 
could never find any quantity of carbonic acid perceptible in 
the eudiometer of 100 parts. 
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Calculation for Carbonic Acid. 

100 : 8.5 : : 3437 : 292.145. 

So that 292.14 cubic inches of carbonic acid gas were given 
off in eleven minutes, or 26.55 cubic inches per minute, whic^ 
is almost exactly the estimate of Professor Davy. 

In this experiment the operator inspired 3460 cubic inches 
in eleven minutes, and felt himself in a natural state when he 
left off. Then, as he makes usually under common circum¬ 
stances nineteen respirations in a minute, 

11 x 19 = 209 = 16.5 

it follows, that he takes in 16-§- cubic inches at every easy in¬ 
spiration. 

As all the experiments had been hitherto made upon the 
lungs of one person, we concluded that the next should be per¬ 
formed upon our assistant. 


Twelfth Experiment. 


Barom. 


Therm. 

Faht. 


3°-3 56° 


Time. 


Cub. inches of 
common air 
Inspired. 


Cubic Inches 
Expired. 


min. 3300 3311 


Difference, 

11 increase 


Here, as usual, the lungs were exhausted both before, and at 
the close of the experiment. 

The excess of eleven cubic inches, in this case, no doubt 
arose from the person not having been in the habit of ex¬ 
hausting his lungs, so that they contained more when he 
began than when he left off; his lungs appeared to be of 
greater capacity than those of the usual operator. 

Portions of gas were saved from each of the mercurial 



Atmospheric Air and Oxygen Gas by Respiration . 257 

gasometers as they were filled, which being mixed together, 
for the average gave the following results : 

100 parts of the mixture contained 

8 5 carbonic acid 

12.5 oxygen. 

7 9 azote. 

100 

Calculation for Carbonic Acid. 

100 : 8.5 : : 3311 : 281.43. 

Consequently 281,43 cubic inches of carbonic acid gas were 
given off in 5*§- minutes. 

In this experiment we meet with a remarkable fact, viz. that 
as much carbonic acid gas was given off in 5^- minutes, as in 
the former experiment in eleven minutes ; so that it appears, 
whenever atmospheric air is taken into the lungs, it returns 
charged with about 8 per cent, carbonic acid. The faster re¬ 
spiration is performed, the more carbonic acid is given off, and 
consequently the more oxygen consumed: in this instance it 
was given off at the rate of fifty-one cubic inches per minute. 

Thirteenth Experijnent. 

We now proceeded to carry on the respiration of common 
air for a much longer period than usual, and of course on a 
much larger quantity. The experiment was made by the 
same operator who had performed all the others, except the 
12th. Eleven mercurial gasometers having been filled, taken 
off, and registered, the operator continued to breathe in the 
12th until a mark was made by his colleague upon the scale 

LI 
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of the water gasometer, and it was again filled with common 
air to the usual division on the scale. This occupied but a 
very short space of time. The operator, without taking his 
lips from the tube, then filled twelve more of the mercurial 
gasometers, which were registered as before, and he conti¬ 
nued to breathe in the 12th, until the water gasometer was 
again replenished; eleven more were then filled, and portions 
saved from each: the experiment was completed by a forcible 
expiration of 166 cubic inches into the 12th ; and this last por¬ 
tion being left for an hour and a half was not perceptibly 
diminished in volume. 

R Therm, rp- 9°^* * nc h e \ Cub. inches n . 

Earom, p , Time. or common air . , Deficiency. 

r a u ‘ inspired. p re . 

29,85 68° 2 4!.37” 9 8 9° 9 8 7 2 18 

The breathing was so nearly natural that the operator was 
scarcely fatigued, and thought that he could have gone on 
for a much longer time. 

The smallness of the deficiency, notwithstanding the ex¬ 
periments occupied 24!- minutes, is a striking circumstance, 
and leads us to suspect still more strongly, that the deficiency 
principally arises from the impossibility of always bringing 
the lungs to the same state after forcible expiration. 

100 parts of the mixture of expired gas gave 
8 carbonic acid, 

13 oxygen, 

79 azote. 


100 
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Calculation for Carbonic Acid. 

100 : 8 : : 9872 : 789,76. 

So that 789,76 cubic inches of carbonic acid gas were given 
off in 24-I minutes, which gives thirty-two cubic inches per 
minute. But here it must be noticed that the respiration 
was more rapid than in the 11th experiment, and a larger 
quantity of carbonic acid given off in the same time. This 
agrees with the 1 2th experiment. 

We are very much inclined to think that, in ordinary respi¬ 
ration, a great part of the air is returned unaltered, viz, that 
contained in the fauces, in the trachea, and probably a portion 
of that in the larger branches of the bronchia. If this circum¬ 
stance be not adverted to in experiments upon small quanti¬ 
ties of air, the results can never be correct. There is even a 
considerable difference in the quality of the first and last por¬ 
tions of a single inspiration. In some experiments made with 
a view to this subject, a small quantity of the first portions, 
given off'in a common and natural expiration, was received in 
a vessel over mercury ; on examination, it only contained 3.5 
per cent, carbonic acid ; in other experiments the first por¬ 
tions contain from three to five per cent.; while the general 
average appears by the 11th, 12th, and 13th experiments, to 
be about eight. 

The operator, after rather more than a natural inspiration, 
expired 204 cubic inches into the mercurial gasometer, making 
his utmost efforts to press as much as possible out of the 
lungs, this contained 9.5 per cent, of arbonic acid. Here we 
are to recollect, that these 204 cubic inches contained the first, 
as well as the last portions; the first portions have been 

Lis 
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proved to contain only from three to five per cent.; conse¬ 
quently the last portions must contain more than appears by 
the average ; that is, more than 9.5 per cent. 

It now appeared to us of consequence to ascertain exactly 
what happened to a given volume of atmospheric air, when it 
was inspired and expired as often as possible. 

Fourteenth Experiment . * 

Three hundred cubic inches of atmospheric air were ad¬ 
mitted into the mercurial gasometer G. 1.; the other, G. e, 
was empty. The nose being properly secured, and the mouth 
applied to the tube A, as usual, air was drawn from G. 1, and 
by half turning the cock, 2, was expired into G. 2. This 
was repeated until the contents of G. 1 had been made to 
pass through the lungs, and transmitted to G. 2. The air 
was then inspired from G. 2, and expired into G. 1, until 
G. 2 was nearly empty. This was repeated about eight or 
ten times during three minutes, until respiration became ex¬ 
tremely laborious, and the operator desisted. 

The whole 300 cubic inches must have passed eight or ten 
times through the lungs; and we confidently expected, that 
on examining the air we should have found an unusual pro¬ 
portion of carbonic acid. 

But 100 parts gave only 9.5 carbonic acid 
5-5 oxygen 
85. azote. 

100 

* In this experiment there was obviously no occasion to make allowance for the 
air contained in the tubes and sockets. We find its volume to be eighteen cubic 
inches. 
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Here was an increase of six parts in 100 of something which 
the tests for oxygen would not take up, and a Iso a loss of six 
per cent, oxygen. This seemed to convince us, that under 
certain circumstances, as during some peculiar alteration in the 
vital functions, gaseous oxide of carbon, carburetted hydrogen, 
or some other gas not absorbable by lime water or the tests 
for oxygen, might be given off from the lungs, and we accord¬ 
ingly determined to repeat Cruikshank's experiments with 
hyperoxygenised muriatic acid gas. 

We procured the gas from hyperoxygenised muriate of 
potash by means of muriatic acid, and mixing it with a known 
portion of gaseous oxide of carbon in a flint stopper bottle, 
the mouth of which was immersed in mercury for twenty- 
four hours, the gaseous oxide of carbon was converted into 
carbonic acid gas, as was proved by its effects upon lime 
water, which, when both the gasses are pure, absorbs them 
entirely after they have remained together for twenty-four 
hours; it w T as plain, therefore, that we had the means of 
detecting gaseous oxide of carbon, and doubtless carburretted 
hydrogen, if any should be contained in the expired gas. 
From a conviction of the importance of these experiments we 
were determined to take nothing upon trust. 

Fijteenth Experiment. 

We repeated the 14th experiment with a little variation. 
In this case we employed only one of the mercurial .gaso¬ 
meters, into which exactly 300 cubic inches of atmospheric 
air were admitted. The operator having made an easy ex¬ 
piration, applied his mouth to the cock at the top of the bell 
glass, and the time being noted, began to breathe ; in less 



262 Messrs. Allen and Pepys on the Changes produced in 

than a minute he found himself obliged to take deeper and 
deeper inspirations ; and at last the efforts of the lungs to 
take m air became so strong and sudden, that the glass was 
in some danger of being broken against the side of the gaso¬ 
meter. A great sense of oppression and suffocation was now 
felt in the chest, vision became indistinct, and after the second 
minute his whole attention seemed to be withdrawn from 
surrounding objects and fixed upon the experiment. He now 
experienced that buzz in the ears which is noticed in breathing 
nitrous oxide, and after the third minute had only sufficient 
recollection to close the cock after an expiration. This secured 
the result of the experiment; but he became so perfectly in¬ 
sensible that, on recovering, he was much surprised at find¬ 
ing his friend and the assistant on the table in the act of sup¬ 
porting him. It was noticed that he made thirty-five inspi¬ 
rations during the experiment. We now examined the air 
which had been so treated. 

100 parts contained 10 carbonic acid, 

4 oxygen, 

S6 azote, 

100 

In this experiment it is remarkable, that the air which had 
been so often through the lungs, should only have furnished 
10 per cent, of carbonic acid, while the air which passes them 
but oQce contains from 8 to 8.5. 

Here the oxygen had lost 7 from 21, and the azote had 
gained 7 upon 79. 

We knew by previous experiment,* that every cubic inch of 


* See the experiments on carbonic acid in the Society’s Transactions. 



Atmospheric Air and Oxygen Gas by Respiration. 263 

carbonic acid gas required exactly a cubic inch of oxygen 
for its formation ; the ten parts of carbonic acid may therefore 
be reckoned as oxygen, which would make the constitution of 


the gas after the experiment 


14 oxygen, 
86 azote. 


whereas before the experiment it was] 21 ox y£> en > 

\ 79 azote. 

Now we did not suppose the residuum of 86 to be all azote, 
though 79 might be ; therefore seven parts appeared to have 
been added by this unnatural mode of respiring, and we con¬ 
jectured the addition might be gaseous oxide of carbon. 

To ascertain this, we put 4 o parts into a flint stopper bottle, 
and nearly filled it with about 100 parts hyperoxygenised 
muriatic acid, procured as before, and recently prepared ; the 
stopper being put in, over distilled water, we plunged it in 
quicksilver, and filled a second bottle in the same way, as a 
comparative experiment. 

We next procured some pure azote, by absorbing the 
oxygen from a portion of atmospheric air by the saturated 
green sulphate and simple green sulphate as usual; 40 parts 
of this azote were mixed with the same proportion of the acid 
gas as in the other experiment, and the whole suffered to stand 
for forty-eight hours ; at the end of this time the azote was ex¬ 
amined, by washing it first in distilled water, and afterwards 
in the eudiometer with the tests for oxygen ; and there were 
still exactly 40 parts left; proving that the hyperoxygenised 
muriatic acid gas has no action upon azote. 

We then examined the bottles containing the residuum from 
the air that had been so often respired, and found that it had 
not experienced the slightest change; it was therefore plainly 
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azote ; and on reflection, it occurred to us, that if a certain 
proportion of oxygen had been absorbed or lost in any way, 
while the azote remained unaltered, there must be an increased 
proportion of the latter. 

Now we knew exactly both the bulk and the constitution 
of the air before the experiment; but it was impossible to 
know the bulk or volume after the experiment otherwise than 
by calculation. 

The 300 cubic inches of atmospheric air before the experi¬ 
ment contained 21 oxygen, 79 azote in 100 parts, making the 
total quantity of oxygen 63 cubic inches, 
azote 237 

300 

Now if the lungs be capable of fixing permanently any 
azote from the atmosphere, it appears by our experiments 
that the quantity must be very minute, seeing that in the 
11th, 12th, and 13th experiment, it did not disturb the pro¬ 
portion of azote, as shewn by the eudiometer ; we shall there¬ 
fore in the present instance assume the volume of azote after 
the experiment at 237 cubic inches, as before. 

But after the experiment, every 100 parts consisted of 
86 parts azote, and 14 oxygen, either in the form of carbonic 
acid, or free. 

86 : 14 :: 237 : 38.38. 

Therefore the total quantity of oxygen left after the experi¬ 
ment would have been 38.58 cubic inches. 

Then 237 azote -j- 38.58 oxygen = 275.58; 
the quantity of gas after respiration would therefore have 
been 275.58 cubic inches. 

300 — 275.58 = the loss of oxygen, or 24.42 cubic inches. 
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It appears, therefore, that 24.42 cubic inches of oxygen had 
been absorbed by the system under the circumstances of this 
experiment. 

Reviewing the 14th experiment, it appears that the gas 
after respiration contained 85 per cent, azote, and 15 per 
cent, oxygen, either in the state of carbonic acid, or free. 

State of the Air before the Experiment. 

300 =237 azote + 63 oxygen. 

After the Experiment. 

85 : 15 ■ ■ 237 : 41.8c. 

The total quantity of oxygen after the experiment appears to 
be 41.82 cubic inches. 

Then 237 azote 4- 41.82 oxygen = 278.82. 

The total volume after the experiment appears to be 278.82 
cubic inches. 

300 — 278.82 = 21.18. 

The loss of oxygen in this case was 21.18 cubic inches. 

We are disposed to consider the 11th as a standard experi¬ 
ment relative to carbonic acid gas, because the quantity of 
air respired in a given time is pretty near the average of the 
first ten experiments; and because it very nearly agrees with 
the statement of Professor Davy. In this experiment 292 
cubic inches of carbonic acid gas were given off'in eleven 
minutes ; the barometer was 30.4, the thermometer 50°, the 
volume being calculated at the mean, viz. barometer 30, 
thermometer 6o°, will be 302 cubic inches given off in eleven 
minutes, or 39534 cubic inches in twenty-four hours, sup¬ 
posing the production to be uniform during all that period; 
M m 
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and as xoo cubic inches of carbonic acid gas weigh 47.2 6 
grains, 

100: 47.26 :: 39534 : 18683.76; 
the weight of the carbonic acid gas amounts to 18683.76 
grains; and estimating the carbon in it at 28 parts in 100, 
according to Lavoisier, or 28.60, as calculated in the experi¬ 
ments on diamond, recorded in the Society's Transactions. 

100 : 28.60 : : 18683 76 : 5363.55 grains ; 
it will follow that 5363.55 grs. or above 11 oz. troy of solid 
carbon, are emitted by the lungs in the course of twenty-four 
hours ; and that 39534 cubic inches of oxygen gas are con¬ 
sumed in the same time. But when we consider that in re¬ 
spiration perfectly natural, a much smaller quantity of air Qan 
come in contact with those parts of the lungs calculated to act 
upon it, the proportion of carbonic acid gas given off in natural 
respiration, ought probably to stand considerably lower than 
in the above estimate; but at all events it will be very consi¬ 
derable. 

Sixteenth Experiment. 

Having made so many experiments upon atmospheric air, 
we now proceeded to ascertain the effects produced upon 
oxygen gas by the process of respiration. The water gaso¬ 
meter was filled with oxygen gas made from the hyper- 
oxygenised muriate of potash by heat, care having been taken 
to clear all the tubes, &c. as much as possible of common air, 
by forcing a quantity of oxygen gas through them. 

One hundred parts from the water gasometer being treated 
with the usual tests in the Eudiometer, a residuum of only 
2.5 was left; so that 97.5 per cent, were pure oxygen, and 
the rest azote. 
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The register of the water apparatus being noticed, and the 
operator having prepared himself as usual by a forced expira¬ 
tion, began to respire ; his pulse was 72 ; and at the end of 
9 minutes and twenty seconds, the experiment was concluded 
by a forced expiration, when the pulse was raised to 88. 


Barom. 


Therm. 

Faht. 


Time. 


Cubic Inches 
of oxygen gas 
inspired. 


Cob. Inches 
expired. 


Deficiency. 


2 95 53° 3260 3193 67 

The operator felt a general glow over the body to the very 
extremities, with a gentle perspiration; this however went off 
in a few minutes, and no remarkable deviation from the ordi¬ 
nary state was experienced. 

A portion having been saved, as usual, from each of the 
mercurial gasometers, for an average, 

10© parts contained 

11 carbonic acid, 

83 oxygen, 

6 azote. 


100 

The examination repeated, gave the same results. 

Calculation for Carbonic Acid. 

IOO : 11 : : 3193 : 351 *4, 

consequently, 351.23 cubic inches of carbonic acid gas were 
formed in 9'.20", or 3 7.64 cubic inches in a minute. 

Here it is plain that a greater quantity of carbonic add was 
formed from oxygen than from common air, in the same time, 
and hence we infer, that one use of azote is to regulate the 
quantity of oxygen, which shall be taken ikp in the act of 
respiration. 


M m 2 
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The gas inspired was 3260 cubic inches, and of this 2.5 per 
cent, was azote. 

100 : 2.5 : : 3260 : 81.50. 

The total quantity of azote in the gas inspired, was there¬ 
fore 81.50 cubic inches. 

The quantity of gas expired was 3193 cubic inches, and of 
this every ico parts contained six of azote. 

100 : 6 : : 31 93 : 191.58. 

The total quantity of azote in the gas expired, w r as there¬ 
fore 191.58 cubic inches ; but the total quantity of azote be¬ 
fore respiration was only 81.50. 

191.58 — 81. 50 = 110.08 ; 

therefore 110.08 cubic inches were added by the process of 
respiration, beside what little remained in the lungs after the 
experiment. 


Calculation for Oxygen. 

The 3260 cubic inches of gas inspired contained 81.50 
azote. 

3260 — 81.50 = 3178.50, 

and consequently the pure oxygen w^as 3178,50 cubic inches. 
The 3193 cubic inches of gas expired, contained 83 per cent, 
of free oxygen, and 11 per cent, in carbonic acid gas, making 
together 94. 

10° : 94 : : 3193 : 3001.42. 

The oxygen gas, found after the experiment, was therefore 
3001.42 cubic inches, and deducting this from the oxygen 
before the experiment, 

3178.50 — 3001.42 = 177,08. 
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It appears, at first sight, that 177.08 cubic inches of oxygen 
were missing, but great part of this may be accounted for, by 
adverting to the state of the lungs after the experiment. 

The addition of 110.08 cubic inches of azote, we consider as 
arising from that portion still retained in the lungs, notwith¬ 
standing the forced expiration at the beginning of the ex¬ 
periment, and considering that in the 14th and 15th experi¬ 
ment, where the same air was repeatedly breathed, the pro¬ 
portion of azote was in the one case 85, and in the other 
86 per cent. It seems fair to presume, that the residual air 
contained in the lungs after a forced expiration may amount 
in 100 parts, to not more than 16 oxygen and 84 azote: any 
one who reflects upon the structure of the lungs, and the 
minute ramifications of the extremities of the bronchial ves¬ 
sels ; and when lie also considers that those parts of the 
lungs with which the air comes in contact, if spread out, 
would present a surface equal to that of the superficies of the 
whole body ; and lastly, that this viscus is so exceedingly 
spongy and porous, that when once inflated, it is ever after 
impossible by ordinary mechanical means to expel the air 
completely, he will easily perceive, not only that a large por¬ 
tion of air must remain for a considerable time in contact with 
the internal surface of the lungs, where it is liable to lose a 
portion of its oxygen, but also that the residual quantity of 
air in the lungs, after the most violent attempts at expiration, 
may be very considerable. It is to this circumstance that we 
attribute the excess of azote in the experiments upon oxygen, 
and pretty deep inspirations of this gas having been made 
during 9'.2 q", the azote- must have been in great measure 
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displaced. Admitting then that the air contained in the lungs, 
before the experiment, consisted of 36 oxygen, 84, azote, and 
at the conclusion of the experiment of 94 oxygen, 6 azote, 
then we have 

azote at the begining, 

~ azote at the end. 


6x 

IOC 


+ 


110 = 


84^ 

100’ 


110 = ^ ~ or, 84a; — .06 x = .78X. 

100 100 9 “ / 


x = —° or 141 cubic inches ; 

Therefore upon this calulation it appears that 341 cubic inches 
of gas remained in the lungs after a forcible attempt at expira¬ 
tion ; then the state of the lungs before the experiment must 
have been 

118.44 azote, 

22.56 oxygen. 


141 

And after the experiment. 


132.54 oxygen, 
8.46 azote. 


141 


Calculation on total Quantities . 

Azote before the experiment 81.50 cubic inches, 
■ contained in the lungs 118,44 
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Azote after the experiment, 

- found by the tests 191*58 

- contained in the lungs, 8.46 

200.04 

Oxygen before the experiment, 3178.50 
- contained in the lungs, 22.56 

Oxygen after the experiment, 

Found by the tests, 

Contained in the lungs. 

Total of oxygen before the experiment, 3201.06 
Total of oxygen after the experiment, 3133.96 

Difference ..67.10 

The deficiency noticed in the experiment was 67, supposing 
that the lungs were brought to the same state after as before 
the experiment; but granting that this was not the case, and 
that at the close of the experiment the state of the lungs was 
^41 67 = 208, still our approximation will come within 

four or five cubic inches, for the azote contained in the sixty- 
seven missing would be only about four cubic inches. We 
are aware that the temperature of the lungs being 97, while 
that of the gas was 53 0 , the 141 cubic inches would occupy a 
space equal to 154 cubic inches ; but this residual quantity must 
be greater or less according to the exertion made, and also 
probably according to the state of the muscular fibre at the 
time. 


3201.06 

3001.42 

i3 2 -54 
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Seventeenth Experiment. 

The water gasometer was filled to the usual mark upon the 
scale, with oxygen gas, prepared from about 9 oz. troy, of 
hyperoxygenised muriate of potash, as in the former experi¬ 
ment ; the gas being examined was found to contain as before, 
2.5 azote, and 97.5 oxygen, in 100 parts. 

The apparatus being found air tight, and all the tubes, &c. 
cleared of atmospheric air by passing oxygen through them, 
the operator prepared himself for the experiment; but it must 
be noticed that he had been rather fatigued during five hours 
previous to respiring, and had not taken any refreshment; 
the weather was very warm ; his pulse 86; heat under the 
tongue 9&|; he felt no uncomfortable sensation during the 
process, but experienced a gentle glow and universal per¬ 
spiration, breathing all the time with great ease, his pulse 
after the experiment was 102, and the heat under the tongue 
99°* 


t, Therm. 

Barom ' Faht. 

Time. 

Cub inches. ^ . , 

r Cub. inches ^ c - 

of oxygen gas ired Deficiency. 

inspired. ^ 

3O.3 70» 

7'-2 5" 

342° 3362 38. 

The quantities of expired gas taken off in each of the mer- 

curial gasometers 

were as under, in the order in which they 

were filled. 



No. 1. 

- 

250 cubic inches. 

2. 

- 

290 

S- 

- 

272 

4 - 

- 

* 238 

5* 

- 

252 

6 . 

- 

300 
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7 - 

- 

- 

241 

8. 

- 

- 

296 

9 - 

- 

- 

256 

10. 

- 

- 

256 

13 . 

- 

- 

286 

12. 

- 

- 

257 

13 - 



168 

3363 


The 13th gasometer was the whole of the last single and 
forcible expiration, portions were saved from each of the 
gasometers, and we first examined the state of No. 1. 

loo parts contained 9 carbonic acid, 

25 azote, 

66 oxygen, 

3 00 

The large quantity of azote in this case, was a clear proof 
that our conjecture upon the residual gas in the lungs was 
well founded. 

We then examined a mixture of No. 2 and 3. 

300 parts contained 10.5 carbonic acid, 

10 azote, 

79 5 oxygen, 

100 

here the quantity of azote was diminishing, and the ratio of 
carbonic acid increasing, so that it appears necessary for the 
lungs to be cleared of azote, before the increased proportion 
of carbonic acid can take place. 

N n 
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The 13th or last gasometer was now examined by itself; 
100 parts contained 12.5 carbonic acid, 

5.5 azote, 

82. oxygen. 

100 

Here the proportion of azote was only 3 per cent, more than 
what existed previously in the gas, and hence we may con¬ 
clude, that even seven minutes and a half was not a sufficient 
time to remove the azote from the extremities of the bronchia. 

We lastly made a mixture of all the gasometers, from 2 to 
12 inclusive, and found that 100 parts contained 
12 carbonic acid, 

6.5 azote, 

81.5 oxygen. 


100 


Calculation for Carbonic Acid. 

100 : 9 :: 250 : 22.50 Carbonic acid gas in No. 2. 22.5a 

100 : 12.5 : : 186 : 21 ditto No. 13. 21 

From 3362 total expired 

250 No. 1. 

168 No. 13 


Deduct 418 


Leaves the mixture 2944 of No 2. to No. 12. 

q Carb. acid gas in mixture 
100 : 12 : : 2944 : 353.28 6 


2. to 12. 


&S3-28 


39 6 78 
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I he total quantity of carbonic acid gas emitted, was therefore 
396.78 cubic inches. 

Calculation for Azote. 

100 : 25 : : 250 : 62.50 Azote in No. 1. 62.50 

i° 0: 5 - 5 :: 168: 9.24, in No. 13. 9.24 

ico : 6.5 : : 2944 : 191,36 in mixt. 2. to 12. 191-36 

263.10 

The azote expired, beside what might be contained in the 
lungs, at the close of the experiment, was therefore 263.10 
cubic inches. Here it is plain, that the operator, at the begin¬ 
ning of this experiment, had not brought his lungs to the 
same state as in the preceding; or that in consequence of 
fatigue, and want of refreshment for several hours, the pro¬ 
portion of azote in the lungs might be greater. 

Every 100 parts of oxygen, before it was inspired, con¬ 
tained 2.5 azote. 

100 : 2.5 :: 3420 : 85.50; 

Consequently it contained 85.50 cubic inches of azote. 

From 263.10 

Deduct 85.50 the original azote, 

177.60 will be left for the increase of azote. 
Then supposing as before, that the quality of the air in the 
lungs, before the experiment was 84 per cent, azote, 16 
oxygen, and after the experiment 5.5 per cent, azote, 94.5 
oxygen, as found in the last gasometer, we take 

azote at the beginning, 

azote at the end ; 

JOQ 
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5 jf 

100 


4- 177.60 


84^ 

100 


i 77 - 6 ° = TTo - ^ or - 8 4 * — °55 X = .785.1:, 


x = or 226 cubic inches. 

• 7*5 

Hence it appears, that previous to the experiment, the lungs 
contained in this instance 226 cubic inches, and if we suppose 
them to be in the same state after, as before the experiment, 
the quality of the gas in each case will be as follows : 


Contents of the Lungs before the Experiment. 

189.84 cubic inches of azote, 

36,16 oxygen, 

22 6 


Contents of the Lungs after the Experiment. 

12.43 cu bic inches of azote, 

213.57 oxygen 

226 


Calculation for Oxygen. 

3420 — 85.50 = 3384 - 5 ° original oxygen, 

Add 36.16 in the lungs before the experiment, 


3370.66 f total q uantit y of oxygen before 
\ the experiment. 
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After the Experiment. 

250 .165 oxygen in No. 1. 3 65 

168 -.137.76 -in No. 13 13776 

2944 : 2399.36 -in mixt. 2. to 12. 2399.36 

-in carbonic acid 396.78 

-in lungs after expt. 213,57 

^ , 3312.47 

3370.66 original oxygen, - 

3312.47 after experiment, 

58.19 deficiency. 

The observed deficiency in this experiment was 58. 

The deficiency in this case, and in the former experiment 
with oxygen, though comparatively small, when contrasted 
with the quantity of gas respired, is larger than the average 
with atmospheric air ; it seems probable, therefore, that a por¬ 
tion may be detained in the system. It must be remembered 
that what we call residual gas, is not only that contained in 
the substance of the lungs, and in its appendages, but also that 
contained in the fauces and mouth. 

j Eighteenth Experiment . 

Cub. inches 0 , . • , 

r CliO'.C IIICHlS . 

Barom. Therm. lime. ol oxygen gas exi) ; ret j Deficient, v, 

inspired. * 

30.15 70° S'.45" 3130 3060 70. 

The operator breathed as usual, after having made a strong 
effort to exhaust his lungs ; his pulse before the experiment 
was 84, the thermometer under his tongue 98°: after the ex¬ 
periment ills pulse was 96, and the thermometer under his 


100 : 66 :: 

100 : 82 : : 

100 : 81.5 : : 
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tongue still 98°.; the same gentle glow and perspiration was 
felt as in the other experiments on oxygen ; a portion of the 
gas was saved from each of the mercurial gasometers, and 
their amounts were as under : 


No. 

1 . 

_ 

_ 

196 

2. 

- 

- 

228 

3 

- 

- 

284 

4. 

- 

- 

294 

5- 

- 

- 

248 

6 . 


- 

280 

7. 

- 

- 

238 

8. 

- 

- 

272 

9 - 

- 

- 

250 

10. 

- 

- 

304 

11. 


- 

223 

12. 



223 




3060 


No. 1. tried by itself, contained in 100 parts, 
9 carbonic acid, 

22 azote, 

69 oxygen, 

100 

No. 12, the last, contained in 100 parts, 

12 carbonic acid, 

5 azote, 

83 oxygen, 


xoo 
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On account of an accident we cannot give the proportions 
contained in 2 to 10; but the contents of the first and last 
gasometers confirm the former experiment, and shews that 
the proportion of azote continues to diminish, as the experi¬ 
ment proceeds, and also that there is a larger proportion of 
carbonic acid given off’when oxygen is employed, instead of 
atmospheric air. 

In this recital of experiments, which have occupied a con¬ 
siderable portion of time, and attention, we have endeavoured 
to give a plain statement of facts, from which every one may 
draw conclusions for himself; we shall here, however, take 
the liberty of briefly recapitulating the principal of those facts, 
and submitting what seems to us the most obvious inferences. 

1. It appears that the quantity of carbonic acid gas emitted 
is exactly equal, bulk for bulk, to the oxygen consumed, and 
therefore there is no reason to conjecture that any water is 
formed by a union of oxygen and hydrogen in the lungs. 

2. Atmospheric air once entering the lungs, returns charged 
with from 8 to 8.5 per cent, carbonic acid gas, and when the 
contacts are repeated almost as frequently as possible, only 10 
per cent, is emitted. 

The 12th and 13th experiments prove, that when the in¬ 
spirations and expirations are more rapid than usual, a larger 
quantity of carbonic acid is emitted in a given time, but the 
proportion is nearly the same, or about 8 per cent. The pro¬ 
portions of carbonic acid gas, in the first and last portions of 
a deep inspiration, differ as widely as from 3-5 to 9.5 per cent. 

3. Considering the 11th as a standard experiment, it appears 
that a middle sized man, aged about thirty-eight years, and 
whose pulse is seventy on an average, gives off 302 cubic 
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inches of carbonic acid gas from his lungs in eleven minutes, 
and supposing the production uniform for twenty-four hours, 
the total quantity in that period would be 59534 cubic inches, 
weighing 18683 grains ; the carbon, in which is 5363 grains, 
or rather more than 11 oz. troy, the oxygen consumed in the 
same time will be equal in volume to the carbonic acid gas, 
but it is evident, that the quantity of carbonic acid gas, emitted 
in a given time, must depend very much upon the circum¬ 
stances under which respiration is performed; and here it may 
be proper to notice that all the experiments were made be¬ 
tween breakfast and dinner. 

4. When respiration is attended with distressing circum¬ 
stances, as in the 14th and 15th experiments, there is reason 
to conclude that a portion of oxygen is absorbed ; and in the 
last of these experiments, we may remark, that as the oxygen 
decreases in quantity, perception gradually ceases, and we 
may suppose that life would be completely extinguished on 
the total abstraction of oxygen. 

5. A larger proportion of carbonic acid gas is formed by 
the human subject from oxygen, than from atmospheric air. 

6 . An easy, natural inspiration, is from 16 to 17 cubic 
inches in the subject of these experiments, who makes about 
19 in a minute ; this, however, will vary in different indivi¬ 
duals, and perhaps we ought to estimate the quantity of car¬ 
bonic acid gas, given off in perfectly natural respiration, at 
somewhat less, and most likely at considerably less, than in the 
statement above, when we consider that in short inspirations 
the quantity of air which has reached no farther than the 
fauces, trachea, &c. bears a much larger proportion to the 
whole mass respired, than when the inspirations are deep. 
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7 - No hydrogen, nor any other gas, appears to be evolved 
during the process of respiration. 

8. The general average of the deficiency in the total amount 
of common air inspired, appears to be very small, amounting 
only to about 6 parts in 1000, and we are inclined to attribute 
it in great measure to the difficulty in exhausting the lungs as 
completely after an experiment as before it; the first expira¬ 
tion being made into the open air, the last into the apparatus. 

9. The experiments upon oxygen gas prove that the quan¬ 
tity of air remaining in the lungs and its appendages is very 
considerable, and that, without a reference to this circum¬ 
stance, all experiments upon small quantities of gas are liable 
to inaccuracy. 

Other important conclusions might perhaps be drawn from 
the facts related in this paper, but having already trespassed 
largely upon the time of the Society, we shall abstain from 
any farther remarks, until we bring forward a new series 
of experiments. 
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XVIII. Description of an Apparatus for the Analysis of the Com¬ 
pound Inflammable Gases by slow Combustion; with Experi¬ 
ments on the Gas from CoaI 9 explaining its Application. By 
William Henry, M. D. Vice-Pres . of the Lit. and Phil. 
Society, and Physician to the-Infirmary, at Manchester. Com¬ 
municated by H. Davy, Esq. Sec. R. S. 

Read June 23, 1808. 

The aeriform compounds of hydrogen and carbon, which 
were already entitled to accurate investigation, as objects 
of sd«ntific'research, have derived an additional claim to 
the attention of the chemist, from their application to an 
important economical * purpose, described in a late commu¬ 
nication to the Royal Society.* Yet there is, perhaps, no 
part of chemistry, the investigation of which is beset with 
greater difficulty, or with more numerous sources of error ; 
insomuch, that the actual state of the science enables us to 
attain scarcely more than approximations to the truth, and 
degrees of probability of greater or less amount. It was 
the object of the experiments, which are described in the fol¬ 
lowing pages, rather to remove some of the obstacles, which 
present themselves to a successful enquiry into the nature of 
these bodies, than to acquire such facts, as may enable the 
chemical philosopher to decide the controverted question re¬ 
specting their composition. Results, sufficiently multiplied 

• See Mr. Murdoch’s paper, p. 124. 
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and predse for this purpose, would require a larger appro¬ 
priation of time, than I have the prospect of being able to be¬ 
stow ; and I can only on the present occasion, offer an example 
of the method, in which it appears to me that the analysis- of 
this class of substances will be most successfully attempted. 

When a vegetable substance, composed (as may be as¬ 
sumed to simplify the statement) of oxygen, hydrogen, and 
carbon, united in the form of a ternary compound, is submitted 
to distillation, at a temperature not below that of ignition, the 
equilibrium of affinities, which constituted the triple com¬ 
bination, is destroyed ; and the elements, composing it, are 
united in a new manner. Those, which are disposed to enter 
into permanently elastic combinations, escape in the state of 
gas. The carbon, uniting with oxygen, either composes car¬ 
bonic acid gas, or, stopping short of that degree of oxygena¬ 
tion, which is essential to change it into an acid, is converted 
into carbonic oxide. The hydrogen, combining with a por¬ 
tion of carbon, constitutes a binary compound of those two 
ingredients, forming either what has been called carbureted 
hydrogen gas , or super^carbureted hydrogen , better known by the 
appellation of olefiant gas . Towards the close of the process, 
a portion of simple hydrogen gas is also mingled with the 
products. Perhaps in no instance is any one of the gases, 
which have been enumerated, obtained perfectly pure, by the 
distillation of a vegetable substance. The aeriform fluids, 
which are thus generated, are found to be possessed of almost 
every degree of specific gravity ; and to yield, by combus¬ 
tion, extremely different results, according to the temperature 
at which they have been formed ; the stage of the process at 
which they have been separated ; and other modifying cir¬ 
cumstances. It becomes an interesting question, whether 
O o 2 
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these gases, so much diversified in their physical and chemical 
properties, are mixtures of a few binary compounds, with 
which chemists are already acquainted ; or whether, on the 
contrary, their elements are capable of uniting in indefinite 
proportions, and of composing ternary compounds of oxygen, 
hydrogen, and carbon, or varieties of oxy-carbureted hydrogen. 
It would encroach too much on the time of the Royal Society, 
to enter upon this controversy. And, as neither opinion admits, 
at present, of demonstrative evidence, I may be permitted, in 
explaining the following experiments, to assume that theory, 
which appears to me most probable; viz. that the aeriform 
products of the distillation of vegetable substances, are mix¬ 
tures of carbonic acid, carbonic oxide, olefiant, carbureted 
hydrogen, and simple hydrogen gases ; or of two or more of 
these in various proportions. 

The analysis of these compound gases has hitherto been at¬ 
tempted solely by their rapid combustion with oxygen gas, in 
the following manner : a mixture of the inflammable gas with 
oxygen gas in known proportions, is admitted into a Volta’s 
Eudiometer, inflamed over mercury by the electric spark; and 
the diminution ascertained. To the remainder caustic potash 
or lime water is added, by which it sustains a second diminution 
of bulk ; and the amount of this denotes the quantity of carbonic 
acid formed by the combustion. The quantity of nitrogen gas, 
in the oxygen employed, as well as in the residue left by 
potash, being determined by a fit eudiometrical test, it is easy to 
infer what quantity of oxygen has been absorbed by the deto¬ 
nation. And as it is proved that oxygen gas sustains no change 
of bulk by conversion into carbonic acid, we may conclude that, 
after deducting from the volume of oxygen gas expended, 
that of the carbonic acid which has been formed, the remain- 
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ing number shews how much oxygen has been employed in 
the saturation of hydrogen. If, for example, 100 measures 
of carbureted hydrogen consume 200 of oxygen gas, and 
give 100 of carbonic acid, it follow's, that the carbonic acid 
holds in combination 100 measures of the oxygen gas con¬ 
sumed ; and that the remaining hundred have been applied to 
the saturation of hydrogen. In this estimate it is assumed, 
that the carbon has acquired, by combustion, the whole of the 
oxygen necessary for its acidification, and that no part of it 
existed previously in the state of carbonic oxide, a proposition, 
in many cases, perhaps, very far from being consistent with 
the truth. This, however, admits of being decided by an ac¬ 
curate comparison between the weight of the gases consumed 
and that of the products. 

For the purpose of obtaining a general approximation to 
the nature of a combustible gas, it may be sufficient to exa¬ 
mine its coincidence with those, the properties of which have 
been already determined. The following table exhibits the 
results of the combustion of the few gases, that appear entitled 
to be considered as distinct species. They are deduced from 
the experiments of Mr. Cruikshank and Mr. Daltox t . 





100 measures. 


Kind of Gas. 

Sp. Grav. 
(air — 1000.) 

Take meas. 
of oxygen. 

Give carb. 
acid. 

Are diminished 
by firing. 

Olefiant 

909 

300 

200 

J 200 

Carbonized hydrogen, from 7 

600 

200 

IOO 

200 

stagnant water, j 

Carbonic oxide 

967 

45 

90 

55 

Hydrogen gas 

84 

5 ° 


1 54 


The inflammability of the compound gases, and their fitness 
for the purpose of affording light, are directly proportionate 
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to the quantity of oxygen required for their saturation. The. 
olefiant gas, therefore, burns with the greatest brilliancy; 
carbureted hydrogen gas, though inferior, affords a dense and 
compact flame ; but the carbonic oxide and hydrogen gas are 
entirely unfit to be employed as the means of artificial illumi¬ 
nation. 

In the execution of a series of experiments on the compound 
combustible gases, which are described in the nth volume 
of Mr. Nicholson's Philosophical Journal, I had reason to be 
dissatisfied with the above method of effecting their decom¬ 
position, and to distrust the results which were obtained. The 
products of the combustion of the same gas varied considerably 
in different experiments ; and, with respect to some, it was 
evident that the full proportion of their carbonaceous ingre¬ 
dient was not oxygenised, in consequence of the precipitation 
of charcoal in the act of detonation. The quantities, also, that 
can be submitted in this way to experiment, are extremely 
minute ; and the inflammation of highly combustible gases is 
attended, as I have more than once experienced, with consi¬ 
derable danger from the bursting of the glass tubes. It was 
desirable, therefore, to employ a process not liable to these 
objections ; and after many alterations of the apparatus, con¬ 
trived with this view, I at length fixed upon one, which I shall 
now proceed to describe. 

The principal parts of the apparatus, are two glass cylin¬ 
ders, or air receivers,* b b and o o, of which the larger one is 
intended to contain oxygen gas, and the smaller one, the in¬ 
flammable gas submitted to experiment. They are connected 

• I am indebted to Mr. H. Creighton, of Soho, not only for a drawing of 
the apparatus but for much valuable assignee in the performance of the experiments. 
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by a bent glass tube s s, the diameter of which should not be less 
than y- of an inch, to the upper extremity of which is cemented 
an iron burner, /, the orifice of which is about ~~ of an inch, 
while to the lower end a socket is fixed, on which may be oc¬ 
casionally screwed the cock r. The receiver 0 0 is contained 
in a larger glass jar n n , and is closed at the top by a brass 
cap p , and stop cock q. The oxygen gas receiver is, also, 
closed by a brass cap e and cock/, the lower orifice of which 
is tapped internally, for the purpose of receiving a small 
screw at the end of the copper wire g. This wire is in two 
parts, each of which screws into a moveable socket, connect¬ 
ing the two; and, by this contrivance, the wire may be 
lengthened or shortened at pleasure. To prepare the appa¬ 
ratus for use, the receiver 0 0 is partly filled with the combus¬ 
tible gas ; and is secured by wedges of cork v v, in the jar n n, 
the level of the water in the latter being regulated by open¬ 
ing the cocks x or z. The bent pipe s s, with its cock r, is 
screwed upon the top of the receiver, and partly immersed in 
the water of a pneumatic cistern, a a , so that the orifice of the 
burner may rise a few inches above the surface of the water. 
The receiver b b detached from the situation in which it is re¬ 
presented in the drawing, is then exhausted by an air pump ; 
and, being filled with oxygen gas, is transferred (its moutli 
being closed during the act of removal with a piece of leather) 
to the dstem a, and quickly inverted over the burner t. By 
a little practice, this may be done wkh the admission of very 
Httle common air. A transferring vessel is then screwed 
tipon the cock f; and a portion of oxygen gas removed for 
eudiometrical examination. To allow room for the ex pans bn 
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of the oxygen gas, the water is raised by a syphon to a proper 
height within the receiver b, as appears in the drawing. 

The apparatus being thus disposed, the cock/is connected 
by the chain h, with the prime conductor of an electrical 
machine; and a rapid succession of sparks is made to pass 
between the copper ball at the end of the wire g , and the 
orifice of the burner. The cocks q and r being now opened, 
the stream of gas is kindled ; and in order to prevent the 
flame from playing upon the wire, the jar n n is moved a little 
nearer to the cistern a , which brings the point of the burner 
into the axis of the receiver. At the same time, by opening 
the cock x> water flows into the jar n n, and finds its way into 
the receiver, through two small holes zv w drilled near its 
mouth. 

The combustion continues, until either the whole of the in¬ 
flammable gas is consumed, or till the cocks q and r are shut. 
The wedges v v are removed ; the receiver o o unscrewed; 
and the bent tube removed from its place It is at this 
moment, that the cock r is useful, by preventing the escape of 
the gas from the receiver b through the tube .9 s. The upper 
part of the receiver is cooled by the application of a wet 
sponge. Without waiting, however, till the gas lias attained 
the temperature of the atmosphere, a very small and sensible 
thermometer is introduced into it; and the height of the 
mercury is noted, as soon as it becomes stationary. The 
volume of the residuary gas is then observed, and is reduced 
by calculation, to the bulk which it would occupy at 6 o° of 
Fahrenheit. Either the whole, or an aliquot part of it, is 
removed by a transferring vessel, screwed upon the cock/, 
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to a mercurial cistern, where the proportion of carbonic acid is 
determined by liquid potash. The proportions of oxygen 
and nitrogen gases, in the unabsorbed residue, are learned by 
agitation with sulphuret of lime, observing the precautions 
which have been stated by De Marti. The residuary 
oxygen being deducted from the quantity at the outset of tlie 
experiment, shews how much oxygen has been expended in 
the combustion of the inflammable gas. It is scarcely neces¬ 
sary to observe, that the gases are carefully reduced, at each 
stage of the operation, to a mean temperature and pressure, 
( 6 o° of the thermometer, and 30 inches of the barometer).* 
The process of combustion, as thus stated in general terms, 
appears sufficiently simple. It is often, however, rendered 
complicated by the imperfect combustion of the inflammable 
gas, a part of which escapes through the orifice of the burner, 
either wholly unaltered, or only partially burned. As this 
portion is not absorbed by sulphuret of lime, it gives a falla¬ 
cious appearance of an actual addition of nitrogen to the 
oxygen gas remaining in the receiver b. I am unacquainted 
with any method of entirely obviating this difficulty * but its 
amount may be diminished by an attention to certain precau¬ 
tions. With this view, the pressure upon the gas, contained 
in the receiver 0 0 , should, on first Opening the cocks q and r, 
be no more than is sufficient for its gentle expulsion through 
the tube 5 s. When, however, the stream is once kindled, the 
larger the flame, and the more active the combustion, within 
certain limits, the more completely is the gas consumed. It 
is necessary, also, to stop the combustion, before it is rendered 

* The rules observed in these calculations, are stated in my Epitome of Che¬ 
mistry, 5th edition, p. 441. 

MDCCCVIII. P P 
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languid by the admixture of carbonic acid with the gas in the 
receiver b, and by the diminished purity of the oxygen gas. 
If this b£ not attended to, a large proportion of the inflam¬ 
mable gas, towards the close of the process, makes its escape 
unaltered into the receiver b . In general I have found, that 
setting out with oxygen gas of equal purity, the more com¬ 
bustible the inflammable gas submitted to experiment, the 
more complete is its decomposition by slow combustion. 
The apparatus, therefore, is better adapted to the analysis of 
olefiant gas, of carbureted hydrogen gas, or of mixtures of 
these two, than of carbonic oxide, or any gas of which that 
oxide forms a large proportion. 

The inflammable gas, which has found its way into the re¬ 
ceiver b, is always present in too minute a quantity to compose, 
with the residuary oxygen, after the removal of the carbonic 
acid, a mixture capable of being inflamed by the electric spark. 
To ascertain its precise quantity, it is necessary to have re¬ 
course to another operation. After trying, eudiometrically, 
the quality of an aliquot part of the gas in the receiver b } let 
a similar aliquot part be deprived of its carbonic acid, and then 
mixed with a portion of pure hydrogen gas, not exceeding 
one third or one fourth the estimated bulk of the oxygen 
which it contains. Detonate the mixture, and observe the 
amount of the diminution after the explosion ; the products of 
the combustion ; and the quantity of oxygen gas consumed. 
After subtracting, from the total expenditure of oxygen, half 
the bulk of the added hydrogen gas, the remaining number 
shews how much oxygen has been absorbed by the combus¬ 
tible gas contained in the residue. By the rule of proportion, 
it may be determined, how much carbonic acid wcuid have 
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been produced, by the oxygenation of the whole of the Com¬ 
bustible gas, and what quantity of oxygen it would have 
saturated. 

The most obvious objection to this method of analyzing 
the compound gases is, that the real proportion of the products, 
resulting from their combustion, may perhaps be disguised, in 
consequence of the absorption of a part of the carbonic acid by 
the water, over which the experiment is made. By frequent 
trials, however, I find that this is a source of error too 
trivial to be deserving of consideration ; and that the propor¬ 
tion of carbonic acid, thus generated, exceeds what is com¬ 
posed by the rapid combustion of the same gas over mercury. 
When the operator has acquired sufficient dexterity, the in¬ 
terval of time, between the completion of the combustion and 
the admeasurement of the residue, is too small to allow an 
absorption to any notable amount. It must be observed, also, 
that the carbonic acid constitutes only a small part of the 
residue ; and k, for that reason, very little acted on by water, 
conformable to a principle which I have explained in the Phi¬ 
losophical Transactions for 1803, p. 274. I believe, therefore, 
that with an attention to those observances, which are required 
in all delicate experiments on gases, and to the changing cir¬ 
cumstances of temperature and pressure, this apparatus is fully 
adequate to the purpose for which it is intended. It will be 
easy, however, for those who have the command of a sufficient 
quantity of mercury, to adapt the apparatus to that fluid. As 
an exemplification of the method of using it, in the simplest 
possible case, I shall state the results of the combustion of 
hydrogen gas, 

At the outset of the experiment, there was contained in the 
P p 2 
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receiver 00, a quantity of hydrogen gas, equal, when reduced 
to a mean temperature and pressure, to 15.8 cubic inches 
Of these, there remained unconsumed 2.5 


Hydrogen gas burned - - 13.3 

In the receiver b were 49 cubic inches of oxygen gas, con¬ 
sisting of 33.5 oxygen, 15.5 nitrogen 

At the close of the experiment,^ 

there remained, in b, 43.5 c. iX 27.25 16.25 

composed of - - 3 


Cubic inches of oxygen gas con¬ 
sumed - 


But estimating from the first diminution (viz. 49—4,3:5) 
only 5.5 cubic inches of oxygen would appear to have been 
absorbed ; and the nitrogen gas, by eudiometrical experi¬ 
ments, would seem to have been increased 0.75 of an inch. 
As the hydrogen gas, however, had been prepared from zinc 
and sulphuric acid with extreme caution, and did not contain 
an appreciable quantity of common air, no such addition of 
nitrogen could have taken place. The apparent increase, 
then, may be fairly imputed to the escape of 0.75 of an inch 
of hydrogen gas, which is to be deducted from the 13.3 cubic 
inches at the outset of the experiment; and hence the real 
quantity consumed will be 13 3 — 0.75 = 12.55. The true 
consumption, also, of oxygen gas was 5.50 + 0.75 = 6. 25, 
or pretty exactly, as it ought to be, half the bulk of the 
hydrogen gas, which was actually burned. 

An example of the analysis of a highly combustible species 
cf elastic fluid is furnished by the following experiments on 
the okfiant gas, obtained from alcohol and sulphuric acid. 
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Of this gas 100 cubic inches, at a mean of the barometer and 
thermometer, were equal to 30 troy grains ; hence its specific 
gravity was 967. 

In the receiver 0 0 , were contained of this gas 6 .3 cub. in. 

Residue .... 2 

Gas consumed - - 4.3 

In the receiver b , were 434 inches of oxygen gas. After 
the combustion, there remained 38.2 cubic inches of mixed 
gases, of which 8 .6 were carbonic acid. None of the inflam- 
able gas, which passed through the bent tube, had escaped 
being burned, for the quantity of gas in b , not absorbable by 
sulphuret of lime, so far from having been increased, was 
found to have sustained a trifling diminution. The oxygen 
gas, which was consumed, amounted to 13.8 cubic inches. 
Reducing these results to centesimal proportion, 100 cubic 
inches of this gas would give 200 of carbonic acid, and absorb 
325 of oxygen gas. This experiment agrees with Mr. Dal¬ 
ton's, as to the proportion of carbonic acid from the combus¬ 
tion of olefiant gas, but assigns a larger consumption of 
oxygen. It may be observed, however, that the specific 
gravity of the gas, which I employed, exceeded a little the 
statement of the Dutch chemists, who found its specific gravity 
to be 909, common air being 1000. 

Having satisfied myself, by repeated experiments, of the 
accuracy of the results which may be thus obtained, I pro¬ 
ceeded to the combustion of the gases from a variety of veget¬ 
able substances, and especially from those which it seemed 
probable might become economical sources of light. In the 
present memoir, I shall describe those only, which were made 
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on coal and a few similar substances, reserving the rest for a 
future communication. 

Gas from Cannel Coal. 

This was received in two separate portions. Of the first 
product, 100 cubic inches, corrected to a mean temperature 
and pressure, weighed 24.28 grains. Hence its specific 
gravity was to that of atmospheric air as 783 to 1000. The 
second product was much lighter, 100 inches weighing only 
10.4 grains, and having, therefore, the specific gravity of 
335. The results are comprehended in the following table. 
The carbonic acid, stated to have been generated by the second 
combustion, was formed by adding to an aliquot part of the 
residue, after the removal of the carbonic acid, a proportion of 
hydrogen gas ; detonating the mixture by the electric spark ; 
and proceeding as already directed. The two first lines con¬ 
tain the minutes of actual experiments; the third and fourth 
these results reduced to centesimal proportion. 


Sp. Grav. 

Cub. inches 
burned. 

Oxyg. gas. 
consumed. 

Carb. acid, 
generated. 

Carb. acid 
formed by 
second com¬ 
bustion. 

Oxygen con¬ 
sumed by 
second com¬ 
bustion. 

Total oxygen 
consumed. 

Total, carb. 
acid formed. 

' 783 

7-3 

i l6 ‘5 

8.3 

*•9 

0.9 

17.4 

10.2 

335 

9.8 

94 

4.8 

0 

O 

94 

4.8 

783 

100 

222 

” 3-7 

2.6 

12 

234 

I 39-7 

335 

100 

1 9 6 

49 

O 

O 

96 ! 

49 


The early product of the gas from cannel coal, before 
being washed with lime water or caustic potash, is a mixture 
of several different gases, viz. carbonic acid, sulphureted 
hydrogen, olefiant, and a fourth, which is either a gas sui 
generis, or a mixture of carbureted hydrogen, and. carbonic 
oxide. To ascertain the proportion of these gases in any 
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mixture, is a problem of some difficulty. Sulphureted hydro¬ 
gen and olefiant gases experience, it is well known, an imme¬ 
diate condensation, when mingled with oxy-muriatic acid gas, 
and in this way they may be separated from carbonic acid. 
Again, sulphureted hydrogen and carbonic acid are absorbed 
by liquid potash, which has no action on olefiant gas. If, 
therefore, two equal portions of the gas from coal be mixed 
with oxy-muriatic gas, the one in its recent state, the other 
after being washed with potash, the condensation of the for¬ 
mer will be found to exceed that of the washed portion. By 
the combined use of these agents, we may attain an approxi-' 
mation, at least, to the proportions in which carbonic acid, 
olefiant, and sulphureted hydrogen gas are mingled with the 
aeriform product of coal. The rule may be stated as follows ; 
to a measured quantity of oxy-muriatic arid gas, contained in 
a graduated tube, add twice its bulk of the recent coal gas, and 
at the expiration of one or two minutes observe the diminu¬ 
tion which has taken place. Wash an equal quantity with 
caustic potash ; note the loss ; and submit the residue to the 
action of oxy-muriatic acid as before. The second diminu¬ 
tion, thus effected by oxymuriatic gas, divided by 2.2, gives the 
proportion of olefiant gas. Deduct this absorption from the 
first, and, dividing the remainder by 1.8, we obtain the quan¬ 
tity of sulphureted hydrogen. Lastly, to know the quantity 
of carbonic arid gas, substract, from the diminution effected 
by potash, the amount of the sulphureted hydrogen gas. An 
example, taken from actual experiment, will best explain the 
application of this rule. 

One hundred measures of the first product of gas from 
cannel coal lost, by agitation with liquid potash, 9.7 measures. 
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The remainder, being mingled with one fourth its bulk of 
oxy-muriatic acid gas, the mixture lost 10.4 measures. This 
diminution, 10.4, divided by 2.2, gives 4.9 for the proportion 
of olefiant gas. But 100 measures of the unwashed gas sus¬ 
tained, by admixture with oxy-muriatic acid, a diminution 
of 20 measures. Now, deducting, from this diminution, that 
occasioned by the condensation of olefiant gas, (viz. 20 — 
10.4,) there remain 9.6, which, divided by 1.8, gives 5.3 for 
the proportion of sulphureted hydrogen gas. And the dimi¬ 
nution by potash (= 9.7) — 5.3 gives 4.4 for the proportion 
of carbonic acid gas. Hence 100 measures of the first pro¬ 
duct of gas from cannel coal contain, 

1. Of inflammable gas, not affected by the 
foregoing agents 

2. Of sulphureted hydrogen gas, - 5.3 

3. Of olefiant gas ... 4.9 

4. Of carbonic acid gas - - - 4.4 

too 

The proportion of common air, in the foregoing specimen 
of gas, and in all cases w hen care was taken to exclude it, was 
too small to deserve being taken into the account, not appear- 
ing, by the test of nitrous gas, to exceed 1 per cent. 

The following table exhibits the composition of gas from 
various kinds of coal. In the last column, under the term in¬ 
flammable gas, is comprehended that portion, which is neither 
suddenly condensed by oxy-muriatic acid gas, nor absorbed by 
potash. A name more descriptive cannot be applied to it, 
because it varies essentially in different cases, and the propor¬ 
tion of its components is still matter of doubt. 
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TABLE I. 




One hundred measures consisted of ! 

i Kind of Coal- 


No of the 











product. 

Sulph. Hydr. 

Carb. acid. 

Olefiant 

Inflam. 

Wigan cannel. 


1 

2 

5-3 

o. 

44 

1.8 

4*9 

O. 

85.4 

98.2 

Wednesbury, 


I 

49 

3 4 

O 

91.7 

Staffordshire. 


2 

o. 

2.8 

O 

97*2 

Newcastle on j 

r 

I 

2.9 

2.8 

2 .7 

91.6 

Tyne. 

L 

2 

2.2 

i >7 

0 

96.1 

Newcastle, Staf- 


I 

3 

2.7 

0 


fordshire. 


2 

i -4 

2 

0 

96.6 


3 

o 

*4 

0 

98.6 

Middleton, near 


1 

3 

2. 

1 


Leeds. 


2 

1.4 

i *7 

0 

96.9 


3 

o 

2 

0 

98. 



I 

3-3 

3-2 

2*5 

9 * 



2 

2 

1.1 

0 

96.9 

Black Mine> near , 


3 

2 

1. 

0 

97 

Manchester, ■ 


4 

°*5 

1.2 

0 

9 ? -3 

! 


5 

o 

1.2 

0 

98.8 


- 

6 

o 

0 

0 

i 100 



i 

I 

*•7 

0 

97*3 



2 

o 

J -7 

0 

9 8 *3 

Merthyr, Glamor- . 


3 

o 

1.6 

0 

98.4 

ganshire. 

j 

4 

o 

i-S 

0 

98.5 


1 

5 

o 

i. 

0 

99 


l 

6 

o 

0 

0 

too 

Native coal tar. 

- 

13 

6 

*5 

66 

Caoutchouc. 

- 

0 

4.9 

17 

7 8.t 


After separating the sulphureted hydrogen and carbonic 
acid gases by agitation with liquid potash, the residue, con¬ 
sisting of the inflammable gas mixed with the proportion of 
olefiant gas produced along with it, was submitted to com¬ 
bustion. The following table shews the average results of 
a number of these experiments. 
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TABLE II. 


1 


Weight of 


joo cubic inches 1 

Kind of Coal. 


\o. of the 

UK) cubic inches 

Spec. Grav. 




consume 

give carbonic 


product. 

(Ther. 600 . Bar. 30.j 

(Air looo ) 

. 

oxyg. gas. 

acid. 

Wigan cannel. 


1 

2 

24.2S Grs. 
104 

783 

333 

234 

96 

*397 

49 

Wednesbury coal. 


1 

2 

20 9 

98 

674 

316 

190 

8 S 

97-5 

46 

Newcastle on Tyne, - 


1 

2 

193 

9.8 

622 

316 

190 

86 

100 

45 

Newcastle Stafford- J 
shire. 


1 

2 

19.6 
*77 

63 2 
570 

195 

165 

98 

80 


3 

12.1 

39 ° 

xoo 

60 

I 


1 

20.7 

670 

190 

TOO 

Leeds, < 


2 

151 

487 

lost by accident. 

1 


3 

9 .8 

3 l6 

8 S 

42 



1 

19.4 

627 

186 

97 



2 

1 15 

484 

*37 

65 

Black-Mine, Laaca- . 


3 

| 1 li 3 

364 

10 Q 

5 ° 

shire, ] 


4 

10 

322 

90 

47 



5 

9-5 

307 

85 

45 



6 


SO 

40 



1 

12 i 

387 

1 I7 

62 



z 

95 

307 

90 

47 

Merthyr, ■< 

i 

3 

4 

8 

5-9 

261 

190 

75 

60 

39 

3 1 


I 

5 

5.8 

187 

57 

26 


L 

6 

5-5 

1 77 

50 

20 

{Coal tar. 

- 

24.2 

780 

233 

* 5 ° 

{Caoutchouc. 

“ 


— 

204 

121 


An attentive examination of the results, contained in both 
the tables, suggests the following general remarks. 

1. The olefiant gas is a very sparing product of the distil¬ 
lation of pit-coal. It is found only in the first portions, and 
even of these it does not compose more than 5 per cent. Its 
quantity, however, is very much influenced by the temper¬ 
ature employed. This remark, indeed, may be extended to 
all the aeriform products of coal; insomuch that from equal 
weights of the same coal it is difficult to obtain by different 
operations conducted on a small scale, products which are the 
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same either in quantity or quality. The gas from Coalbrooke- 
dale tar, and that from Caoutchouc , have a larger proportion 
of olefiant gas, which in them amounts to about one-sixth 
their bulk. 

2. Sulphureted hydrogen gas is, also, most abundantly 
produced at the early stages of the distillation. Its proportion 
then varies from l to 5 percent; and towards the close of the 
process it disappears entirely. It increases the illuminating 
power of the coal gas; but is by no means a desirable pro¬ 
duct ; since it yields by combustion, a gas (the sulphurous 
acid) which is extremely offensive and irritating to the lungs. 
By the distillation of coal, more sulphureted hydrogen is pro- 
produced, than is discovered among the aeriform products ; 
for a part, uniting with the ammonia which is generated at the 
same moment, forms sulphuret of ammonia, a compound 
which I have found among the condensed products. 

3. Carbonic acid gas, like the two preceding ones, appears 
only at an early stage of the process, and in small proportion, 
never amounting to 5 per cent. A portion of this gas, also, 
unites with ammonia, and hence carbonate of ammonia is 
found in the condensed fluid. 

4. The gas from coal undergoes a gradual diminution of 
specific gravity and combustibility, from the commencement 
to the close of the process. This is best shewn by inspecting 
the results of the experiments on the Black-Mine and Merthyr 
coal gas in Table II. because they were reserved in a greater 
number of separate portions than usual. The progression 
would, perhaps, have been more regular, in these as well as 
in the other instances, if much of the gas had not been al¬ 
lowed to escape, in consequence of the immense quantity 

Qq 2 
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which was produced. The specific gravity of the coal gas 
appears to afford a measure of its fitness for illumination, suf¬ 
ficiently accurate for practical uses ; but does not bear an exact 
correspondence to the chemical properties of the gas, as as¬ 
certained by combustion. It may be remarked, also by com¬ 
paring the two last columns of the second table, that the car¬ 
bonic acid produced does not always bear the same propor¬ 
tion to the oxygen expended. Thus the first product of gas 
from cannel coal combines with 234 measures of oxygen gas; 
and gives 139.7 of carbonic acid. But the gas from coal tar, 
with only an equal consumption of oxygen, yields 150 mea¬ 
sures of carbonic acid. 

5. The aeriform product of coal does not precisely answer 
to the characters of any one of the combustible gases, with 
which we are acquainted. The first product, however, of the 
distillation of common pit coal, after being washed with potash, 
approaches very nearly in its properties to carbureted hydro¬ 
gen gas. The gases, which surpass this in specific gravity, 
are mixtures of carburetted hydrogen with olefiant gas, and 
perhaps a small proportion of carbonic oxide. The lighter 
gases, in addition to carbureted hydrogen, probably contain a 
variable proportion of hydrogen gas and a small quantity of 
carbonic oxide. The extreme levity of some of the products, 
especially of the gas from Merthyr coal, cannot be explained 
on any other supposition. 

6 . The products of the combustion of a cubic foot of coal- 
gas, of medium quality, viz. of the specific gravity 622, (such 
as the first products from Newcastle on Tyne coal) may be 
stated as follows: 
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Grains. 

A cubic foot, at a mean of the barometer and ther¬ 
mometer, - 333.5 

By combustion, it yields 817.3 grains of carbonic 

acid, the carbon in which may be estimated * at 233.7 
Grains of hydrogen in a cubic foot of coal gas 99.8 


But 99.8 grains of hydrogen are equivalent to the saturation 
of 554, 9 grains of oxygen, with which they form 654.7 grains 
of water. Hence the oxygen consumed ought from calcula¬ 
tion to be 817.3 — 2 33-7 = 573- 6 + 554-9 =1128 

And the quantity actually consumed appears by 

experiment to be - - - 1110.3 

Error 17.7 

The difference, in this example, between experiment and 
calculation is not greater, than, in such delicate processes, 
may always be expected. A part of the deficiency in the 
oxygen actually consumed may be ascribed, also, to a small 
portion of the inflammable gas being already in the state of 
carbonic oxide. 

Without repeating the particulars of a similar calculation 
made on gas of inferior quality, I shall annex a comparative 
statement of the specific gravities and composition of the good 
and inferior gases. 


Source of the Gas. 

Weight of a 
Cubic Foot. 

A Cubic Foot 
consists of 
Carbon. Hydr. 

Oxygen Gas 
consumed by 
a Cubic Foot. 

Gives 

— A. 

Carb.Acid Water 

Newcastle coal 
Ditto, last product 

333 - 5 g r - 
1t> 9-3 

2337 bs -8 

iu- 5 ; 57 - 8 

1110.3 
560 . 1 

817.3621 
400 384.9 


* Assuming the carbon to be 28.6 grains in 100 grains of carbonic acid, ss is 
satisfactorily proved by the experiments of Messrs. Allen and Pep vs, 
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The inferior gas, also, probably contains carbonic oxide; 
for the quantity of oxygen gas, actually consumed, will be 
found, on calculation, less than it ought to be, if the carbon 
were not already combined with a portion of oxygen. 

The quantity of water, which was generated by combustion, 
was not determined experimentally, but is merely estimated. 
It must be acknowledged that the decomposition of the in¬ 
flammable gases cannot lead to unquestionable results, until 
the proportion of water, produced by their combustion, be also 
accurately ascertained. With the view of effecting this, I have 
already spent much time, and employed many contrivances, 
none of which have satisfactorily answered the purpose for 
which they were intended. 

7. There appears to be a considerable difference in the 
specific gravity and combustibility of gas from various speci¬ 
mens of coal, even when taken at similar periods of the dis¬ 
tillation. The coal from Merthyr in South Wales, which 
burns without flame or smoke, yields a gas which contains, in 
an equal volume, scarcely half as much combustible matter 
as the gas from Wigan cannel. This will probably be found to 
be the case with respect to all coal of similar quality, among 
which may be reckoned the Kilkenny coal. The most impor¬ 
tant difference among the varieties of this mineral, connected 
with their application as sources of light, consists in the quan¬ 
tity of sulphureted hydrogen gas, which is mixed with their 
aeriform products ; and it unfortunately happens that the coal, 
otherwise best adapted to this purpose, yields generally the 
largest proportion of this offensive gas. The only effectual 
method of purifying the coal gas from sulphureted hydrogen, 
on the large scale of manufacture, will probably be found to 
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consist in agitation with quicklime and water, composing a 
mixture of the consistence of cream. Simple washing with 
water by no means effects the complete separation. 

In the experiments which were made on the products of the 
distillation of coal, I purposely neglected the amount and ana¬ 
lysis of the condensible fluids, because they cannot be advan¬ 
tageously ascertained by the same operation with the elastic 
ones. They may also be much better determined on the large 
scale of manufacture, than by limited experiments. For the 
same reason I was not solicitous to measure even the aeriform 
fluids; and on this subject, 1 believe, more accurate informa¬ 
tion lias been communicated by Mr. Murdoch, than it was in 
my power to acquire. 


Manchester, May 19, 1808. 
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XIX. An Account of some Peculiarities in the anatomical Struc¬ 
ture of the Wombat , with Observations on the female Organs 
of Generation. By Everard Home, Esq . F. R. S . 

Read June 23, 1808. 


A male wombat was brought from the islands in Basse's 
Straits, by Mr. Brown, the naturalist attached to Captain 
Flinders's voyage of discovery. It was entrusted to my 
care, and lived in a domesticated state for two years, which 
gave me opportunities of attending to its habits. 

It burrowed in the ground whenever it had an opportunity, 
and covered itself in the earth with surprising quickness. It 
was quiet during the day, but constantly in motion in the 
night: was very sensible to cold ; ate all kinds of vegetables; 
but was particularly fond of new hay, which it ate stalk by 
stalk, taking it into its mouth like a beaver, by small bits at a 
time. It was not wanting in intelligence, and appeared at¬ 
tached to those to whom it was accustomed, and who were kind 
to it. When it saw them, it would put up its fore paws on the 
knee, and when taken up would sleep in the lap. It allowed 
children to pull and carry it about, and when it bit them did 
not appear to do it in anger or with violence. It appeared to 
have arrived at its full growth, weighed about twenty pounds, 
and was about two feet two inches long. 

The koala is another species of the wombat, which partakes 
of its peculiarities. The following account of it was sent to 
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me some years ago by Lieut. Colonel Paterson, Lieutenant- 
Governor of New South Wales. The natives call it the koala 
wombat; it inhabits the forests of New Holland, about fifty 
or sixty miles to the south-west of Port Jackson, and was first 
brought to Port Jackson in August, 1803. It is commonly 
about two feet long and one high, in the girth about one foot 
and a half; it is covered with fine soft fur, lead coloured on 
the back, and white on the belly. The ears are short, erect, 
and pointed; the eyes generally ruminating, sometimes fiery 
and menacing; it bears no small resemblance to the bear in 
the fore part of its body: it has no tail; its posture for the 
most part is sitting. 

The New Hollanders eat the flesh of this animal, and there¬ 
fore readily join in the pursuit of it; they examine with won¬ 
derful rapidity and minuteness the branches of the loftiest 
gum trees; upon discovering the koala, they climb the tree 
in which it is seen with as much ease and expedition, as an 
European would mount a tolerably high ladder. Having 
reached the branches, which are sometimes forty or fifty feet 
from the ground, they follow the animal to the extremity of a 
bough, and either kill it with the tomahawk, or fake it alive. 
The koala feeds upon the tender shoots of the blue gum tree, 
being more particularly fond of this than of any other food ; 
it rests during the day on the tops of these trees, feeding at 
its ease, or sleeping. In the night it descends and prowls 
about, scratching up the ground in search of some particular 
roots; it seems to creep rather than walk: when incensed 
or hungry, it utters a long shrill yell and assumes a fierce 
and menacing look. They are found in pairs, and the young 
is carried by the mother on its shoulders. This animal 
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appears soon to form an attachment to the person who 
feeds it. 

A specimen of this animal has since been sent to me in 
spirits; the viscera had been removed, but the male organs of 
generation, and the structure of the limbs, were the same as 
in the wombat. There was no subdivision of vessels in the 
groin as in the tardigrade animals. 

The external form of the wombat has been described by 
M.Geoefroy in the second volume of the Annales du Museum 
National de France; and several parts of its internal structure 
have been taken notice of by M. Cuvier in his Le9ons d’Ana- 
tomie comparee. It only remains to mention such peculiarities 
as have either been slightly touched upon, or entirely passed 
over in the different accounts. Among these is the mechanism 
of the bones and muscles of the hind legs, which differs in 
many respects from that of all other animals, except the 
koala. The following account of it is drawn up at my desire, 
by Mr. Brodie, from an accurate examination of the parts. 

“ There is no patella; but the tendon of the extensor muscles 
of the leg, where that bone is usually situated, is much thick¬ 
ened. 

“ The fibula is proportionably larger than in most animals. 
At the upper extremity it is broad, and has two distinct arti¬ 
culating surfaces: the anterior of which is articulated to the 
tibia, and the posterior to a small bone of a pyramidal shape, 
which is connected to the tendon of the external head of the 
gastro-cnemius muscle like a sesamoid bone. The lower ex¬ 
tremity of the fibula is large, and forms about half of the 
articulating surface for receiving the tarsus at the ankle. An 
jnter-articular cartilage is here interposed between the tibia 
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and the fibula, and another between the fibula and the 
tarsus. 

“ The fibula has a slight degree of motion on the tibia at 
its upper end, and a half rotatory motion on it at its lower 
end. Between the two bones is a strong muscle, which passes 
from one to the other throughout their whole length. The 
fibres have their origin from the inner edge of the fibula, and 
pass obliquely inward and downward to be inserted into the 
opposite surface of the tibia. When this muscle contracts, it 
pulls the fibula forwards, and produces a degree of rotation 
on the tibia, which turns the toes inwards. The anterior sur¬ 
face of the muscle is covered by a thin fascia or interosseous 
ligament, and there is another fascia less complete on its pos¬ 
terior surface. The muscle of the leg, corresponding to the 
biceps flexor of the human subject, is inserted into the poste¬ 
rior part of the fibula, and is an antagonist to the muscle just 
described. Its action brings the toes back to a straight line, 
but does not turn them outwards/' 

This mechanism is met with in two animals, whose mode 
of life is very different, the one living on trees, the other not; 
but as they both burrow in the ground during the night, its 
use appears to be for throwing back the earth while the 
animal is burrowing. There is nothing at all similar to it in 
the hind legs of the mole, or other burrowing animals. 

The internal structure of the stomach of the wombat re¬ 
sembles very closely that of the beaver, and is shewn in the 
annexed drawing. This is so different from that of the kan- 
guroo, and all the other animals of the opossum tribe, that it 
forms a very extraordinary peculiarity. 

The male organs of generation have been described by 
R r 2 
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Cuvier, with the exception of the prostate gland, which was 
supposed to be wanting. That distinguished anatomist could 
only have been led to this supposition from the parts in the 
specimen dissected being in an unfavourable state for exami¬ 
nation. This gland resembles exactly that of the kangaroo, 
and is proportionably large. 

The female organs have not been before described. The 
following description of them is particularly interesting, as 
the parts were in a state of impregnation, and they were exa¬ 
mined immediately after the animal’s death in New South 
Wales by Mr. Bell, a surgeon whose anatomical knowledge 
qualified him for the task. He unfortunately died soon after 
at Bombay. He sent the description to Sir Joseph Banks, 
through whose kindness I received it. 


Mr. Bell’s Description of the female Organs of the JVombat. 

44 On laying open the cavity of the pelvis, I was surprised by 
the appearance of a double uterus, each of them distended into 
a pyramidal form ; that of the right side was considerably the 
largest, and was about the size of a pullet’s egg. From the 
fundus of each there was a Fallopian tube nearly three inches 
long terminating at the ovarium. 

44 The double uterus had one common neck half an inch long, 
and of considerable breadth and thickness: two lateral canals 
rose from the common neck on its posterior surface near its 
junction to the uteri, one on each side ; they were about two 
inches long, having a semi-circular course, and terminated 
obliquely in the vagina. 

44 The uteri and their appendages were dissected out from 
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the body, and examined more particularly. On opening the 
vagina, it was found to terminate at the common neck of the 
uteri, on each side of which were the openings of the lateral 
canals, and in the middle between them the meatus urinarius, 
with a slender fleshy pedicle on each side of it. Behind the 
meatus urinarius were two orifices leading to the two uteri, 
but they were filled with a thick gelatinous substance which 
rendered them completely impervious. 

“ I made a longitudinal incision into the largest of the uteri, 
and found its coats lined with the same jelly met with in its 
os tinea;. Continuing the incision through this jelly, and at the 
same time using gentle pressure, there issued a quantity of a 
thin pellucid fluid, accompanied by an embryo wrapped up 
in very fine membranes, which contained some of the same 
transparent fluid. The membranes did not appear to be at 
all connected by vessels either to the uterus or gelatinous 
matter. I had no doubt of the other uterus containing a simi¬ 
lar embryo in a less advanced state. 

“ Each uterus had evidently only one Fallopian tube and one 
-ovarium ; this tube had no swell or enlargement where it joins 
the uterus, as in the kanguroo. In both ovaria were appear¬ 
ances like corpora lutea, but that of the right side was most 
distinct. The lateral canals opened into the uteri just where 
the neck terminated in the cavity. I have omitted to note 
how far these canals were pervious.” 

This account of Mr. Bell's, which differs so materially from 
that of the female organs of the kanguroo, corresponds ex¬ 
actly with that of the American opossum, only the parts are 
upon a larger scale; and it is found that the male organs 
of the wombat and koala are also similar to those of the 
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American opossum. These.animals, therefore, form the in¬ 
termediate link between the opossum and kanguroo. 

These facts throw considerable light upon the mode of pro¬ 
pagation of this very curious tribe of animals; and they confirm 
in the most satisfactory manner, the observations contained in 
a former paper upon the kanguroo, taken from a specimen 
which was sent to England preserved in spirits, and which was 
in an impregnated state, but the parts rendered very indistinct 
by being coagulated and long kept. In that instance the embryo 
was evidently surrounded by a coagulated jelly, and there 
was no connection between the foetus and the coats of the 
uterus. Further evidence was however required upon so new 
and interesting a subject; this is now obtained by Mr. Bell’s 
examination of the impregnated uteri of an animal whose 
mode of generation is the same, made immediately after death. 

By comparing the male and female organs of the kanguroo, 
vrombat, and American opossum, it appears evident that the 
semen of the male is carried directly into the cavity of the 
uterus through the os tineas, and not by the lateral canals, as 
has been generally believed. The proofs of this are the follow¬ 
ing: the number of lateral canals opening into the vagina is 
the same in all these three animals, but in the kanguroo there 
is only one os tinece; in the wombat and American opossum 
there are two ; the male kanguroo has a pointed single glans 
penis, while the wombat and American opossum have a bifid 
glans penis with a double orifice; and these two orifices in the 
state of erection of the penis, do not diverge from one another 
so as to apply themselves to the oblique openings of the lateral 
canals, but oppose the two ora tineas, whose situation is well, 
adapted to receive them. 
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When once it is established, that the foetus is nourished 
without a placenta, and that the semen is carried directly into 
the os tincse, we are led to enquire where this gelatinous 
matter for the nourishment of the foetus is formed ; it cannot 
be supposed to be secreted from the internal membrane of the 
uterus itself, which is constantly undergoing a change to 
adapt it to the encreased bulk of the foetus as well as of the 
jelly surrounding it. In birds, the albumen of the egg, which 
corresponds with this jelly, is formed in a tube adapted to that 
purpose called the oviduct, and these lateral canals, which open 
into the cavity of the uterus, bear a near resemblance in their 
form to the oviducts of birds; in the kanguroo they are found 
in the impregnated state to be enlarged, and to have a very 
free communication with the uterus, while the extremity next 
the vagina is rendered impervious; both of which circum¬ 
stances induce me to believe that their sole use is to form this 
jelly, and to deposit it in the uterus. 

In the bird, the yolk of the egg is the part first formed, and 
in its passage from the place of its formation, along the canal 
of the oviduct, the albumen is added to it, and the egg is com¬ 
pletely formed before it receives the influence of the male ; 
but in all the different genera of the opossum tribe impreg¬ 
nation takes place in the same manner as in the quadfuped, 
the small vesicular ovum receiving the influence of the male at 
the ovarium ; it then passes into the uterus, where it is depo¬ 
sited ; but instead of becoming attached to the coats of the 
uterus by means of a placenta, as in other quadrupeds, the 
gelatinous matter from the lateral canals every where sur¬ 
rounds it, and supplies the embryo with nourishment. 
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explanation of the plate. 

The stomach of the male wombat inverted immediately 
after death and distended with air, so as to expose completely 
its internal surface, in which the glandular structure on the 
small curvature is exactly similar to that of the bea\er. 

The parts are of the natural size. 
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XX. On the Origin and Office of the Alburnum of Trees. In a 
Letter from T. A. Knight, Esq. F. R. S. to Sir Joseph Banks, 
Bart. K. B. P.R. S . 

Read June 30, 1808. 


My Dear Sir, 

In my last communication I endeavoured to prove that the 
bark of trees is not subsequently transmuted into alburnum ; 
and if the statements that I have there given be correct, they 
are, I conceive, decisive 0$ the point for which I contended : 
and if the bark be not converted into alburnum, the experi¬ 
ments of Duhamel, and subsequent naturalists, and those of 
which I have given an account in former memoirs, afford suf¬ 
ficient evidence that the bark deposits the alburnous matter. 
If the succulent shoot of a horse chesnut, or other tree, be 
examined, at successive periods in the spring, it will be seen 
that the alburnum is deposited, and its tubes arranged, in 
ridges beneath the cortical vessels ; and the number of these 
ridges, at the base of each leaf, will be found to correspond 
accurately with the number of apertures through which the 
vessels pass from the leaf-stalks into the interior bark, the 
alburnous matter being apparently deposited (as I have en¬ 
deavoured to prove in former memoirs) by a fluid W'hich 
descends from the leaves, and subsequently secretes through 
the bark.* I shall therefore venture to conclude that it is 
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* Phil. Trans. 1801, p. 336. 
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thus deposited, and shall proceed to enquire into the origin and 
office of the alburnous tubes. 

The position and direction of these tubes have induced almost 
all naturalists to consider them as the passages through which 
the sap ascends ; and at their first formation, when the sub¬ 
stance which surrounds them is still soft and succulent, they are 
always filled with the fluid, which has apparently secreted from 
the bark. They appear to be formed in the soft cellular mass, 
which becomes the future alburnum, as receptacles of this fluid, 
to which they may either afford a passage upwards, or simply 
retain it as reservoirs, till absorbed, and carried off”, by the sur- 
rouading, cellular substance. The former supposition is, at 
first view, the most probable ; but the latter is much more 
consistent with the circumstances that I shall proceed to 
state. 

Many different hypothesis have been offered by naturalists 
to account for the force with which the sap. ascends in the 
spring ; of these hypotheses two only appear in any degree 
adequate to the effects produced. Saussuhe, jun. supposes 
that the tubes contract as soon as they have received the sap 
in the root, and that this contraction, commencing in the root, 
proceeds upwards, impelling the sap before it: and I have 
suggested that the expansion and contraction of the coin- 
pressed cellular, or laminated substance (the tissue cellulaire 
of Duhamel and Mirbel) which expands and contracts with, 
change of temperature * after the tree has ceased to live, might 
produce similar effects by occasioning nearly a similar motion 
and compression of the tubes, the coats of which are, I believe, 
universally admitted not to be membranous. But both these 

* Phil. 1V.I-.S. 1801, p. 345. 
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hypotheses are inconsistent with the facts that I have now the 
pleasure to communicate to you. 

Selecting parts of the stems of young trees, from which 
annual branches had sprung in the preceding year, I ascer¬ 
tained by injecting coloured infusions into the stems, through 
the annual shoots, that the tubes which descended from the 
latter, were, at their bases, confined to that side of the stem 
from which they sprang, and to the external annual layer of 
wood. Deep incisions were then made into the stems of 
other trees immediately beneath the bases of similar annual 
shoots, by which I am quite confident that all communication 
through the alburnous tubes, with the stem, was wholly cut 
ofF: yet the sap passed into the annual shoots in the succeed¬ 
ing spring, all of which lived, and some grew with consi¬ 
derable vigour. I, at the same time, selected many lateral 
branches, about three lines in diameter, in a nursery of apple 
trees, which I could easily secure to the stems of the adjoin¬ 
ing trees to prevent their being broken. I then made an 
incision, more than two lines deep in each, on one side, and at 
the distance of six or seven lines another incision, equally 
deep, on the opposite side; and as I am quite certain, from 
the texture of these branches that the alburnous tubes passed 
straight through them, I am equally certain that every albur- 
nous tube was at least once intersected. Yet the sap passed 
into these branches, and their buds unfolded hi the succeeding 
spring, the incisions having been made in the winter. But I 
have repeated the same experiment after the leaves have been 
full grown in the summer, and still the branches have conti¬ 
nued to live. 

All naturalists have agreed in stating that trees perspire 
S s 2 
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most in the summer, when their leaves have attained their 
full growth, and of course that much sap must ascend at 
this period; yet at this period the tubes of the alburnum 
appear dry, and to contain air only ; which induced Grew to 
suppose that the sap rose in the state of vapour; a supposi- 
tion by no means admissible* Yet it is, I conceive, evident 
that the sap can not rise, as a liquid, through dry tubes, nor 
in any state through intersected tubes; and therefore it ap¬ 
pears probable that it does not rise at all through the tubes of 
the alburnum, and that those tubes are intended to execute 
a different office. 

If the sap do not rise through the tubes of the alburnum, 
it must rise through the cellular substance ; yet the passage 
of any fluid through this has been denied bv almost every 
naturalist, probably because coloured infusions have not been 
observed to penetrate it, and because many naturalists have 
considered it as mere compressed medulla. Mirbel, how¬ 
ever, contends that the fluid which generates the new bark 
exudes from it; and although a fluid, capable of producing 
the same effects, exudes from the bark, when detached from 
the alburnum, I am much disposed to coincide with him in 
opinion, having observed a new bark to be generated on the 
surface of the cellular substance of pollard oaks, in detached 
spaces.* And if the sap in sufficient quantity to generate a 
new bark can pass through the cellular substance of an oak, 
it appears possible at least that the whole of the sap may ascend 
through it. Coloured infusions do not, I think, in any degree, 
pass through the bark of trees, yet it is evident that the 
sap passes readily through it; and therefore Jir should it be 

• Phil. Trans. 1807, p. 7, 
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proved that such infusions do not penetrate the cellular sub¬ 
stance of the alburnum, the evidence which this circumstance 
would afford would be very defective. 

Amongst other experiments that I made to ascertain whe¬ 
ther the cellular substance of the alburnum would imbibe 
coloured infusions, I took off branches of two years old with 
the annual shoots and leaves attached to them, in the summer, 
from trees of different species ; and I effectually closed the 
alburnous tubes with a composition formed of calcined oyster 
shells and cheese,* and this was covered with a mixture of 
bees wax and turpentine, so as to effectually exclude all mois¬ 
ture. A part of the bark was taken off each branch, in a 
circle round it, a few lines distant from its lower end, where 
the tubes had been closed; and each branch was then placed 
in a decoction of logwood, in a vessel deep enough to cover 
the decorticated spaces. At the end of twenty hours, or some¬ 
what longer periods, these branches were examined, and the 
coloured infusion was found to have insinuated itself between 
the alburnous tubes, in many instances apparently through 
the cellular substance. This was most obvious in the walnut 
tree, the young wood of which is very white. The principal 
object I had in view in making this experiment, was to detect 
the passages through which I conceived the sap to pass from 
the bark into the alburnum.f 

From the preceding circumstances, I am disposed to infer 
that the sap secretes through the cellular substance of the 
alburnum; and through this I conceive that it must ascend 

* I have found this composition, and this only, to be capable of instantaneously 
stopping the effusion of sap from the vine, or other tree, in the bleeding season, 
f Phil. Trans. 1807, p. 7. 
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when the tubes were intersected in the preceding experiments, 
and in those seasons of the year when the alburnous tubes are 
empty, though the sap must be rising with great rapidity: 
and I shall endeavour to shew that the presence of the sap in 
the alburnous tubes, during that part of the year in which 
trees, when wounded, bleed abundantly, does not afford any 
decisive evidence of the ascent of the sap through those 
tubes. 

In the last spring, when the buds of the sycamore first 
began to prepare for unfolding, I found that the sap abounded 
in the points at the annual branches; and at the same time it 
flowed abundantly from incisions made into the alburnum near 
the root. But when similar incisions were made at the dis¬ 
tance of eight or ten feet from the ground, not the least mois¬ 
ture flowed ; and the tubes of the alburnum appeared to con¬ 
tain air only. I also observed that the sap flowed as abun¬ 
dantly from the upper as from the under side of the lower 
incisions, if not more abundantly, and so it continued to flow 
to the end of the bleeding season. 

The sap must therefore have been, by some means, thrown 
into the tubes above the incisions, for the quantity discharged 
from them exceeded more than a hundred times that which 
the tubes could have contained at the time the incisions were 
made, even had every tube been filled to the extremity of the 
most distant branch. And, as it has been shewn that the sap 
can pass up when all the alburnous tubes are intersected, 
there appears, I think, sufficient evidence that it must in this 
case have been raised by some other agent than those 
tubes. 

Through the cellular substance I therefore venture to con- 
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elude that the sap ascends, and it is not, I think, difficult to eon* 
ceive that this substance may give the impulse with which the 
sap is known to ascend in the spring. I have shewn that the 
bark more readily transmits the descending sap towards the 
roots than towards the points of the branches ;* and if the cel¬ 
lular substance of the alburnum expand and contract, and be so 
organised as to permit the sap to escape more easily upwards 
from one cell to another, than in any other direction, it will 
be readily impelled to the extremities of the branches : and 
I have shewn that the statement, so often repeated in the 
writings of naturalists, of a power in the alburnum to 
transmit the sap with equal facility in opposite directions, 
and as well through inverted cuttings as others, is totally 
erroneous.-f 

If the sap be raised in the manner I have suggested, much 
of it will probably accumulate in the alburnum in the spring; 
because the powers of vegetable life are, at that period, more 
active than at any other season ; and the leaves are not then 
prepared to throw off any part of it by transpiration. And the 
cellular substance, being then filled, may discharge a part of 
its contents into the alburnous tubes, which again become 
reservoirs, and a^e filled to a greater or less height, in pro¬ 
portion to the vigour of the tree, and the state of the soil and 
season : and if the tubes which are thus filled be divided, the 
sap will flow out of them, and the tree will be said to bleed. 
But as soon as the leaves are unfolded, and begin to execute 
their office, the sap will be drawn from its reservoirs, and the 
tree will cease to bleed, if wounded. 

The alburnous tubes appear to answer another purpose in 

* Phil. Trans. 1804, p. 5. t Ibid. 
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trees, and to be analogous, in some degree, in their effects, 
to the cavities in the bones of animals ; by which any degree 
of strength, that is necessary, is given with less expenditure 
of materials, or the incumberance of unnecessary weight; 
and the wood of many different species of trees is thus made, 
at the same time, very light, and very strong, the rigid vege¬ 
table fibres being placed at greater distances from each other 
by the intervention of alburnous tubes, and consequently 
acting with greater mechanical advantage, than they would if 
placed immediately in contact with each other. 

I have shewn in a former communication, that the specific 
gravity of the sap increases during its ascent in the spring, 
and that saccharine matter is generated, which did not pre¬ 
viously exist in the alburnum, nor in the sap, as it rose from 
the root: and I conceive it not to be improbable, that the air 
contained in the alburnous tubes may be instrumental in the 
generation of this saccharine matter. For I discovered in the 
last autumn, that much air is absorbed, or at least disappears, 
during the process of grinding apples for the purpose of 
making cider, and that during this absorption of air, the juice 
of acid apples becomes very sweet, and acquires many degrees 
of encreased specific gravity ; and a similar ^absorption of air, 
with corresponding effects, is well known to take place in the 
process of malting. 

I shall conclude with observing, that in retracting the 
opinion l formerly entertained respecting the ascent of the sap 
in the alburnous tubes, I do not mean to retract any opinion 
that I have given in former communications respecting the 
subsequent motion of the sap through the central vessels, the 
leaves, and bark ; or the subsequent junction of the descend- 



the Alburnum of Trees. 32 x 

ing with the ascending current in the alburnum : every ex¬ 
periment that I have made has, on the contrary, tended to 
confirm my former conclusions. 

I am, 

My dear Sir, 

Your much obliged, obedient Servant, 

THOMAS ANDREW KNIGHT. 

Elton , June i£, 1808. 
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XXI. Eclipses of the Satellites of f upiter, observed by John 
Goldingham, Esq, F. R. S. and under his Superintendance, at 
Madras, in the East Indies . 


Read June 30,1808. 


The following eclipses of the satellites of Jupiter, were ob¬ 
served with achromatic telescopes, by Dollond, of three and 
half feet focal length, and magnifying power between 70 and 
80 ; having been constructed more immediately for this pur¬ 
pose, for which they were exceedingly well calculated in all 
respects. 

An astronomical clock, with gridiron pendulum, and dead 
beat, regulated by transits of the sun and stars, was used for 
the time ; which was deduced from the transit of the sun 
nearest the eclipse, and verified by the one immediately pre¬ 
ceding or following. 

The circumstances under which the eclipses were observed 
are noted ; from these may be inferred, how far the results 
are to be depended upon : those observed with the “ air clear 
and the planet high/* are the most satisfactory and valuable, 
nothing to the contrary being afterwards expressed. 

The longitude of the place, by numerous observations of 
various descriptions, is £ h : 21' : 14" or 8o° : 18' : 30" east of 
Greenwich : by comparing this with the numbers in the last 
column, the difference of the tables will be obtained. 
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The greater number of these eclipses were not visible at 
Greenwich, but have been found very useful, when corres¬ 
pondent observations have been taken in India. 

Persons not much in the habit of observing these eclipses, 
but desirous of obtaining as much correct information from 
their observations as possible, may find the following general 
remarks of use. 

A correct difference of longitude, it would appear, is not to 
be expected, by comparing the time of observation with that 
in the tables ; it therefore becomes necessary to have a cor¬ 
respondent observation to compare with, or some satisfactory 
observations taken under a known meridian, about the time; 
from which the errors of the tables may be found. Corres¬ 
pondent observations, should, however, be obtained if pos¬ 
sible : but it must not be supposed, that even these will give 
a correct difference of longitude, unless observed at both 
places, under the like favourable circumstances, and with 
telescopes of the same powers. 

The air being clear ; the planet so high as to be out of the 
thick atmosphere, and to make the position easy ; the telescope 
sheltered from the wind, and steady; neither moonlight nor 
twilight, and the satellite not near the body of the planet: 
An eclipse observed under such circumstances, will, I appre¬ 
hend, be as perfect as it well can be; and a correspondent 
observation taken under the like circumstances, will give a 
correct difference of longitude of the two places, provided the 
eclipse be observed with telescopes of the same powers. 

Taking the eclipses in the following tables, observed under 
these favourable circumstances as the standard, and com¬ 
paring their results as given in the last column, with those 
Tta 
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of the others, it will be found, how much the latter are af¬ 
fected, by the eclipses having been observed when the atmos¬ 
phere was hazy, or the planet very low, during twilight, or 
when the moon was near the planet, or the satellite not far 
from the body of Jupiter ; and that even if correspondent ob¬ 
servations had been taken, under favourable circumstances, at 
a known meridian, the difference of longitude given by the 
comparison would have been far from correct: the same 
eclipse observed at two places, under similar unfavourable 
circumstances, would possibly give a result near the truth ; 
as the observations at both places would be affected in the 
same way,,but probably not in an equal degree, as it is not 
likely there would be exactly the same degree of haze, the 
same strength of twilight, &c. &c. at both places; and there¬ 
fore those observations taken under the same favourable cir¬ 
cumstances can only be relied upon with certainty. 

It may not be an easy matter to have telescopes at both 
places of precisely the same powers for these observations : 
at Madras we had two telescopes in use, constructed at the 
same time, in appearance precisely alike, and intended by 
Dollond to have been so in all respects; yet on repeated 
trials, one was found to have a decided advantage of several 
seconds over the other, shewing the emersions sooner, and 
the immersions later by that quantity. In order to do away 
the error arising from a difference in the powers of telescopes, 
immersions and emersions should be observed at both places ; 
the difference of longitude will be as much greater than it 
ought to be by one series as less by the other, but the medium 
will be the correct difference of longitude of the places: it is 
possible also there may be some difference in the eyes of 
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observers, any error which may arise from this source will 
also be done away by this method. 

Hence it would appear, that in order to obtain a correct dif¬ 
ference of longitude of two places from correspondent eclipses 
of the satellites of Jupiter, the circumstances at both places 
should be similar and favourable ; and that the telescopes 
should have equal powers, or that both immersions and emer¬ 
sions should be observed, which indeed ought always to be 
done, where time will admit: also, that the circumstances 
being favourable at one place and not so at the other, a result 
very different from the truth will be obtained. 
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Eclipses of the Satellites of Jupiter. 
Table I. First Satellite. 


Day. 

Im. 

Tims of Observation. 

Time by 

Longitude of 
Madras by the 
Tables. 

Circumstances of Weather, &c. 

or 

Em. 

Apparent. 

Mean. 

the Ephe- 

*79 f 1 
]an. 24’ Tra. 

h ' > 

17 28 45 

h 1 a 

*7 4 1 3 1 

h / » 

12 7 59 

h 1 11 

5 20 46 

Planet clear and high, but near the D . 

Feb. 9! Im. 

15 41 24,5 

15 56 4 

IO 20 55 

5 20 29,5 

Planet low and covered with a fog. Dark. 

16; Im, 

J 7 3 ? 6 

J 7 49 3 ° 

12 14 19 

5 20 47 

Clear. ]) bright, though distant from If. Twilight. 

Mar. 4 

Im. 

15 52 8,3 

16 3 58,4 

10 31 31 

5 20 37,3 

Clear, and the planet at a convenient altitude. 

*» 

Im. 

*7 46 49 

‘7 5 6 5 1 

12 26 29 

5 20 20 

If. clear and high, but near 0 rise. 

20 

Im. 

14 11 8,5 

>4 18 34,5 

8 5 ° 33 

5 20 35,5 

Planet rather low, and not very clear. The J bright. 

27 

Im. 

16 6 27 

16 11 41 

10 46 1 

5 20 26 

Hazy. Planet high. 

Apr. 5 

Im. 

12 30 24,5 

12 32 58 

7 10 19 

S 20 5.5 

Planet low, but clear. 

22 

Im. 

14 26 4 

16 21 8 

14 26 39 

9 5 4 i 

5 20 23 

Clear. The 5 up, but not very near it. 

19 

Im. 

16 19 59 

11 0 54 

5 20 14 

Planet high, but covered with haze and near the J) * 

28 

Im. 

12 44 41,6 

12 41 53,5 

7 24 27 

5 20 14,6 

Planet high. Dark, but the atmosphere hazy. 

May s - 

Im. 

H 3 8 47 

•4 35 10 

9 > 8 53 

5 19 54 

Planet high, but covered with a thin haze. 

12 

Im. 

16 33 H >3 

16 29 16 

11 13 2 

5 20 12,3 

Clear. Planet high. 

21 

Im 

12 55 24,5 

12 31 36,2 

7 35 11 

5 20 13,5 

Clear. 1[ high. The up, but not bright or near It, 

28 

Im. 

14 48 46 

4 45 4 i 

9 28 37 

5 20 9 

It high. A considerable undulation. 

30 

Im. 

9 16 46,6 

9 13 5 6 

3 56 54 

5 19 52.6 

Planet rather low and misty. 

June 4 

Im. 

16 41 41,3 

16 39 40,7 

11 21 44 

5 19 57*3 

Clear. 

6 

Im, 

11 9 53 

11 8 11 

5 49 59 

5 *9 54 

Clear. The D up, but not near It* 

July 1 

Em. 

7 5 8 °>5 

8 1 25,2 

2 37 22 

5 20 38,5 

Planet rather hazy; other circumstances favourable. 

3 i 

Em. 

10 6 56,5 

10 12 52,3 

4 44 49 

5 22 7,5 

Planet high, but covered with haze. 

Sep. 1 

Em 

6 51 15 

6 50 54 

1 30 30 

5 20 45 

Planet high, but hazy, and near the 3 ) . 

24 

Em 

7 14 10 

7 5 S 8 > 6 

1 53 21 

5 20 49 

Clear. Dark. Planet high. 

Oct. 17 

Em. 

7 36 «8 

7 21 3 8 

2 15 4 

5 21 H 

Planet high, but rather hazy. 

Nov. 9 

Em, 

7 51 50 

7 35 554 

2 30 5 1 

5 20 59 

Planet low, but clear Dark. 

25 

Eii). 

6 7 25,5 

5 54 5*4 

0 46 11! 

5 21 Ho 

Planet rather hazy. Twilight. 

5 795 - 
Feb.28 

Im. 

17 7 554 

17 20 40 

11 47 32 

5 20 23,4 

Planet covered with haze. 

Apr. 8 

Im. 

15 42 12 

15 43 55 

10 21 47' 

5 20 25 

Rather hazy. 5 up, and near the last quarter. 

J 5 

Im. 


17 37 27 

12 16 57 

5 20 40 

Clear. The planet high, but twilight. 

24 

Im. 

4 * 13 

13 59 9 

8 40 28 

5 20 45 

Planet clear, though low. Dark. 

May 1 

Im. 

*5 55 3 8 

15 52 28 

10 34 54 

5 20 44 

Clear. 11 high. The J up, but not near the planet. 

i° 

Jm. 

12 16 54,3 

2 13 0,5 

6 57 21 

5 i 9 33>5 

Clear. 

17 

Im. 

Im. 

4 11 37 

14 7 41 

8 50 52 

5 20 45 

Planpt high, but hazy. 

24 

16 4 31 

16 1 1 

i° 43 57 

5 20 34 

Planet high and clear. 

J u] y 4; 
9 

Im. 

8 51 23,5 

8 55 19,6 

3 3 i n 

5 20 12,5 

Planet low, near the 3), and tremulous. 

Im. 

16 16 17,5 

16 21 04 

10 56 2 

5 20 15,5 

Planet high, but rather hazy, and the J up. 

n 

Im. 

io 44 40 

10 49 42 

5 2 4 21 

5 20 19 

Planet high, and dark. 

27I Em. 

H 17 144 

11 23 19,3 

5 5 6 28 

5 20 46,4 

Clear, and the planet high. 5 up, and about 45° from if. 

Aug. 12 Em. 

9 37 3 8 >5 

9 42 16,5 

4 i 6 33 

5 21 5-5 

Planet high and hazy. Dark. 

26 

Em. 

13 3 1 55 

13 33 21 

8 10 13 

5 21 42 

Planet near the 3), and covered with a thin haze. 

28 

Em. 

7 59 ? 9>5 

8 00 55 

2 39 34 

5 20 25,5 

Clear, but If near the D . 

Sep. 4 

Em. 

9 57 44>5 

9 5 6 27.7 

4 37 *0 

5 20 34-5 

Clear. Dark. Planet high. 

n 

Em 

n 55 37>5 

11. 5 i 57»7 

6 35 n 

5 20 26,5 

'Clear. Dark. 


Em. 

so 21 32 j 

10 12 21,5 

5 * 1 

5 20 31 

(Clear, but the 3) up, and near full. 
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Im 

Day. or 
Em. 


Oct. 6 Em. 

20] Em. 
Dec. 14' Em. 
1796.1 
Apr. 3! Im. 

26! Im. 
May 12 Im 
28J Im. 
Junesoj Im. 
July 6; Im. 
22 1 Im. 

29 Jm. 
Sep. 131 Em. 

22I Em. 
Oct. ijEm. 
15 : Em. 
17! Em. 
31 Em. 
Nov. 9 Em. 

23 Em. 
Dec. v Em, 

1798. 

Jan. 6 Em. 
13 Em. 
29^ Em. 
Feb. 5I Em 

21 Em. 
Mar 16 Em. 
June 12J Im. 
Aug. 6, Im. 
Oct. 7J Im. 

16 Im. 
21 Im. 

23 Im. 

30 lm. 
Nov.15 Em, 

17 Em 

24 Em. 
Dec. 3 Em. 

17 Em. 
24 Em 

31 Em. 

1799. „ 
Jan. 9 Em. 


Time of Observation. 

Apparent. 

Mean. 

h » 

6 49 10,5 

h > » 

6 37 14,5 

10 44 7,5 

10 

28 58 

7 3 ° 33 

7 

2 5 43>4 

1712 6 

l 7 

15 2 

17 26 56,3 

>7 

29 31,2 

>5 43 29,3 

15 

39 3 2 

13 58 11,2 

‘3 

55 >5 

! 4 2 48 

14 

4 6,5 

12 15 38 

12 

20 4 

10 30 15 

10 

36 16,5 

12 24 15 

12 

30 Ij 

15 14 3,6 

15 

9 23,6 

11 40 44,5 

11 

32 5 8 ’5 

8 8 3,5 

7 

57 23 

12 2 43 

11 

48 19 

6 31 58 

6 

17 13 

10 25 i,5 

10 

8 47*3 

6 50 17,4 

6 

34 26 

10 38 36 

10 

25 37 

7 0 31,2 

6 

50 40 

6 46 41,2 

6 53 * 3*5 

8 40 23,4 

8 49 46,6 

6 5 6 37-3 

7 

10 17,7 

8 51 44,4 

9 

6 12,2 

7 13 4 8 

7 

26 59,3 

| 7 3 6 34,5 

7 

4? 16,3 

1? 3 ‘ 2 1»5 

1/ 

3 ° 53*5 

14 9 3 6 *4 

4 

15 2 

13 1 48 

12 

49 27 

9 26 12,3 

9 

11 44*5 

16 52 22,4 

16 

36 59*3 

11 21 24,2 

11 

5 46*6 

*3 J 5 5 8 

12 

59 45 >6 

Cl 39 55>5 

>3 

2 4 554 

8 7 14 

7 

52 35 

!° 0 3 

9 

47 13-5 

6 20 50 

6 

n 9,8 

10 3 58,4 

10 

0 48.7 

>■ 55 574 , 

II 

56 19 

13 48 53,4 

13 

5 2 43 

to 7 57,2 

10 

‘5 43*5 


Table I, First Satellite continued. 


Time by 
the Ephe¬ 
mera. 


Longitude of 
'Madras by the 
1 Tables. 


Circumstances ofWeather, &c. 


1 28 27} 
23 

- 9 55 
! 5 1 

! 6ll 

10 22 59 

8 37 23 

8 42 

6 54 52 

5 9 28 

7 3 33 

9 53 

6 20 

2 47 

6 41 59 
1 11 17 
5 4 15 
1 28 44 

5 *7 45 
1 39 34 

1 25 58 

3 >9 8 
1 35 5 1 

3 3» 0 

1 52 21 

J 3 3 6 
12 11 23 

8 48 21 

7 4° 24 

4 4 53 

11 31 16 

6 < 

7 54 4i, 

8 18 28 

2 46 45I 
4 39 3 

0 59 34 

4 43 2 9 

5 35 15 
8 27 12 

4 47 37 


5 20 43,5 Clear, and the planet high. 

5 20 44,5 Clear. Dark, but the planet low, 
5 20 38 Planet low, but clear. Dark. 


5 20 54 

5 20 45= 

5 20 30, 

5 20 48,2 
5 2042 
5 20 46 
5 20 47 
5 20 42 
5 20 55*6 
5 20 36,1 
5 20 55> 

5 20 44 
5 20 41 
5 20 46, 

5 21 33= 

5 20 51 
5 20 57,2 


Planet rather hazy, and near the 5. 

,3 Planet high and clear, but twilight. 

3 Planet high, but hazy. 

A thin haze over 1[. The F near. 

Planet high. A thin haze and moonlight. 

Flying clouds. Dark. Planet high. 

Pianet low, but clear. A little tremulous. The 3) near If, 
Clear. Planet high. 

Planet rather low, but dear. 

5 Planet high. Rather hazy. 

5 Clear, and the planet high. 

Planet high. Thin clouds. 

Clear. 1 he planet sufficiently high. 

Clear. Planet high. 

,4 Planet high, covered by a thin cloud, 

Clear. The planet moderately high. 

Clear. Planet high. F up, but tar from %. 


jClear. Planet high. 

Planet high, but hid by a cloud at the precise time of the 
emersion,and probably ^"afterwards. 

:o 46,3 jClear. Planet sufficiently high. F up, but far from 2J. 

Planet rather low, but generally clear. Observation not 
satisfactory. 

[Planet high, but very iremulous and near the F ■ 


5 2° 43> 2 
5 21 15,4 


5 20 44,4, 

5 20 43,8 


5 22 58,5 Planet very low. Observation of little value in consequence. 


5 19 5 8 »5 


Planet high. Rather hizy, about § rise. 


5 21 15,4 Clear. Planet high, but about 15° above the F - 


5 : 

5 21 J 9’3 


Plane, high. Clear. 

[Planet sufficiently high. Clear. 


5 21 b.4 Clear. Planer high. 

5 21 22,2 Clear. Planet high F up, and near full. 

5 21 17 Planet near the zenith. F up, but far from %. 

5 21 27,5 Pianet high. Clear. Observation not satisfactory to 10 or 15 . 
5 20 29 Clear. Planet high. F up, but far from 
52031 Clear. Planet high. Moonlight. 

5 20 56 Planet high. A very thin cloud over the planet. 

5 20 294 (Clear. Planet near the zenuh. Moonlight. 

5 20 42,4 Planet high. Atmosphere somewhat hazy. Moonlight. 

5 21 41,4 Planet 1 ,w, and tremulous. Obseivation of little value. 

5 20 20,2 Clear. Planet high. 
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Table I. First Satellite continued. 


Day. 

Im. 

Em. 

Time of Observation. 

Time by 
the Ephe- 
racris. 

Longitude of 
Madras by the 
Tables. 

Circumstances of Weather, &c. 

Apparent, 

Mean. 

Jan. 16 

Em 

‘ ’ ■ 

12 1 20 

h 1 " 

12 11 44,5 

h ' '• 

6 40 36 

h / a 

5 20 44 

Planet rather low and tremulous. 

18 

Em. 

6 29 15,2 

6 40 13,8 

1 8 56 

5 20 19,2 

Planet biah. ]> about 30°from If.. 

25 

Em 

8 23 10,5 

8 36 01,5 

3 2 4 Z 

5 20 28,5 

Clear. Planet high. 

Feb. 1 

Em 

10 17 45,5 

10 31 49,5 

4 57 10 

5 20 35>5 

Planet low, and covered with a thin haze. 

10 

Em. 

6 41 54,7 

6 56 32,8 

1 21 19 

5 20 35,7 

Planet high. Clear. Moonlight. 

»7 

Em. 

8 38 1 

8 52 21,6 

3 i 7 27 

5 20 34 

Planet high. Clear. D up, but far from 1J. 

Aug. 2 

Im, 

15 42 16 

i> 4 8 5>7 

10 22 31 

5 19 45 

1 J. low and misty. 

Sep. 10 

Im. 

14 18 5,2 

4 4 

8 57 25 

5 20 40,2 

Planet high. Clear. J up, but opposite %. 

Oct. 3 

Im. 

H 34 57-6 

14 23 49,6 

9 4 1 

5 20 56,6 

Plan-t high. Clear. 

10 

Im. 

16 30 18,7 ii6 17 11,8 

11 9 26 

5 20 52,7 

Planet high. Clear. 

.Nov 20 

Im. 

9 2 4 4 

9 10 12,6 

4 2 5 8 

5 21 16 

Cletr. Planet high. 

Dec. 6 

Im. 

7 33 407 

7 25 12-7 

2 13 25 

5 20 16,7 

Planet rather low, but clear. Moonlight. 

>3 

Im. 

9 2 4 39 > 2 

9 19 2 3>6 

4411 

5 20 28,2 

Clear. high. Sat. close to If, S near full. 

22 

Em 

7 5 5 J 3 

7 55 2 i> 8 

2 33 4 2 

5 22 3 i 

Planet high, but hazy 

27 

Em. 

15 18 12,3 

15 20 00,6 

9 5 6 4 6 

5 21 26,3 

Planet high, rather tremulous. 

29 

Em. 

9 45 4 2 

9 48 22 

4 24 29 

5 21 13 

Clear. Planet high. 


Second Satellite. 





J l 

Em 

7 12 27,6 

7 16 03 

1 49 40 

5 22 47,6 

Planet high and clear. D up. Observation not satisfactory. 

jar, 5 

Em. 

11 36 55,2 

11 4 2 544 

6 15 4 1 

5 21 13.2 

Clear. Planet high. Moonlight. 

H 

Em 

7 5 6 J 7<4 

8 5 51 

2 35 28 

5 20 49-4 

Clear. Planet high. 

21 

Em 

9 4 8 44-5 

10 0 33,6 

4 28 3 

5 20 41,5 

Clear, Planet high. 

3 ° 

Em 

6 10 45 

6 24 30 

0 49 49 

5 20 56 : 

Planet high, rather hazy. Twilight. 

Feb. 6 

Em. 

8 4 41,5 

8 19 12 

2 44 8 

5 20 33*5 

Planet near the zenith. 5 up, uncertain to 6 7 . 

13’ 

Em 

10 0 5 

10 14 40 

4 39 12 

5 20 53 

Planet high, rather hazy. 

Mar. 8, 

Em 

10 j8 16,2 

io 29 17 

4 57 22 

5 20 54 > 2 

Planet h'gh. J up. 

24 

Em. 

8 42 25 

8 48 49,2 

3 21 38 

5 20 47 

Clear. Planet high. 

Apr. 9 

F.m 

7 7 2 5 

7 9 00,6 

1 46 8 

5 21 17 

Planet high. J full, but opposite If. 

16 

Em. 

9 4 2 5 

9 4 8 > 2 

3 43 26 

5 20 59 

Planet rather low: tremulous. Dark. 

May 2 

Em 

7 27 13 

7 2 4 0 

260 

5 21 13 

P ! anet r«ther low, somewhat hazy. 

2 3 

Em. 

7 45 °>4 

7 4 1 324 

2 20 53 

5 24 7 * 4 ; 

Planet very low. A thick haze. 

30 

Im. 

14 28 9 

14 17 15,4 

9 7 37 

5 20 32 | 

Air clear. 11 high. The object glass ratherdimmed by the dew. 

1801. 





1 


Jan. 15 

Im. 

14 27 29,3 

14 37 25,.1 

9 4 5 8 

5 22 31,3 

Clear. Planet high. 

I 7 

Im. 

8 52 59,2 

9 3 3 1 ’ 2 

3 V 5 1 

5 20 8,2 

Clear. Planet high. 

24 

Em 

13 1 22 

13 13 5 6 -3 

7 39 57 

5 21 25 

Planet near the zenith. Position very aukward. 

26 

Em 

7 28 47 

7 4 i 45-7 

284 

5 20 43 

Clear. Planet high. Moonlight. 

Feb. 2 

Em 

9 21 17 

9 35 *7 

4 1 4 

5 20 13 

Planet high. 5 just rising, 

9 

Em 

11 15 8,6 

n 29 45,3 

5 54 S 2 

5 20 16,6 

Planet near the zenith. Clear, 

18 

Em 

7 3 8 22 

7 5 2 4 i 

2 18 8 

5 20 14 

Planet high. ]) up, but far from 14. 

2 3 

Km 

15 6 34.3 

15 20 15,3 

9 44 3 8 

5 21 56,3 

Planet very low and tremulous. 

2 5 

Em 

9 33 28 - 6 

9 4 6 53 >i 

4 13 34 

5 19 54>6 

Moonlight. Planet near the zenith. 

Mar. 4 

Em 

n 29 51,3 

11 41 52 

6 9 39 

5 20 12,3 

Clear. Planet high. J up, but far from %, 

6 

Em. 

5 59 3 8 >S 

6 11 14,5 

0 38 42 

5 20 56,5 

Planet high. Somewhat hazy. Twilight. 

ii 

Em 

13 26 18 

13 3 6 33 

8 6 6 

5 20 12 

Planet rather low and tremulous. 

J 3 

Em. 

7 55 37>4 

8 5 23,2 

2 35 14 

5 20 23,4 

Clear. Planet high. 
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Table I. First Satellite continued. 


Day. 

Im 

Time of Observation. 

Time by 
the Ephe- 
mens. 

Longitude of 

Madras by the Circumstances of Weather, &C. 


Em. 

Apparent. Mean. 

Tables. 


h ' 0 h ' II h ' II h ' » 

Mar.27 Em ii 49 49,6 11 55 20,2 6 29 6 5 20 43,6 Planet rather low, but clear. 

29 Em. 6 18 52,7 6 23 50,3 0 58 21 5 20 31,7 Clear. Planet high. Twilight. 

Apr. 5 Em. 8 15 48 8 18 35,5 2 55 23 5 20 23 Planet high. Rather hazy. 

1: Em. 10 15 37 10 16 24,8 4 52 15 S 23 18 Clear. If high. The observation not satisfactory. 

28 Eni. 8 35 4,4 8 32 25,3 3 14 24 5 20 40,4 Planet high, but hazy. 

May 21 Em 84933,4 8 46 6 329 8 3 20 45,4 Clear, and planet high. The 5 up. 

Nov. 5 Ini. 13 32 11 15 13 56,5 10 13 43 $ 18 28 Planet high. A thin haze, 

ij im 13 47 38 13 33 19.3 8 27 13 5 zo 23 Planet low and tremulous. 

2 , ,n. 13 34 46 15 22 25 10 18 49 5 15 57 Planet high, but covered with a thick haze. 

Dec " :m 1730 6 172020,312 936 52030 Clear. If. in the zenith. Twilight just-appearing.. 

2 1 in. 17 27 59 17 29 5,7 12 7 24 5 20 35 Clear. If high, but near the J). Twilight beginning. 

1302 

Jar 18 im. 17 27 0 17 37 53,8 12 6 16 5 20 44 Planet high. Rather hazy. J up. Twilight, 

Etb 3 lm. 10 7 23 10 21 50 44655 5 20 30 Clear. Planet high. 

19 jin. 13 54 59,2 14 9 11,7 8 34 38 5 20 21,2 Clear. Planet high, p near If. 

26 Em 12 34 10,3 12 47 10,5 7 13 30 5 20 40,3 Clear. Planet high. 

Mar. 7 2,111.14 2 9 11 *4 40 31 >6 9 9 9 5 20 2 Planet high. Clear. 

9 m. 8 58 17 9 9 11 3 38 6 5 20 11 Clear. Planet high. 

16 Er 10 54 22,7 11 3 20,4 5 34 14 5 20 8,7 Clear. Planet high. J near If, and almost full, 

Apr. 8 Em. 11 14 37,5-11 16 36,7 5 52 55 5 21 42,5 Planet high. Hazy. 

17 Em. 7 38 34,4 7 38 11 2 18 24 5 20 10,4 Clear. If in the zenith. J rising. 

June2; Em. 8 15 23 8 17 23,4 2 53 9 5 22 4 Planet high, but misty. Telescope not steady. 

Oct. 3 lm. 16 34 29 16 17 19,3 ii 13 57 5 20 32 Planet rather low and tremulous. Air clear. 

Nov 22 'm. 16 41 31 16 27 55 11 20 55 5 20 36 Planet rather low, but clear. 

Dec. 15 lm. 16 43 48,6 16 41 18,6 11 20 53 5 24 33,6 Clear. % near the 3). Uncertain observation, 

31 im. 14 48 44,6:14 52 9,6 9 28 22 5 20 22,6 Clear. Planet high. 


MDCCCV1JI, 


Uu 
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Table II. Second Satellite. 

Im. Time of Observation. Tirae br 

Day. or -1- theEphe- Madras by the Circumstances of Weather, &c, 

Em. Apparent,. Mean. mens. Tables. 

1794. h ' " h ' » b ' " h ' " 

Feb, 27 Im. 15 17 10 15 30 5 9 58 37 5 18 33 Planet low, and covered with haze. 

Mar.31 Im. 15 4 40,3 15 8 42 9 45 14 5 19 26,3 Clear. Planet high. 

Apr. 7 im. 17 41 2,3 17 42 57,7 12 22 35 18 59,5 Clear. Planet high. Near ©rise. 

25 Im. 12 10 53 12 8 34 6 52 17 5 18 36 Clouds covered the planet,after the satellite had faded, pro* 

bably a very few seconds before it immerged. 

May 2 Im. 14 47 27 14 44 13,5 9 27 32 5 19 55 Planet near the meridian, but very tremulous. 

9 Im. 17 22 6 17 18 13,5 12 2 u 5 19 55 Clear. Planet high. Strong twilight. 

27 Im. 11 46 43,3 11 43 30,3 6 26 38 5 20 5,3 Clear. Planet high. Dark. 

June 3 Im. 14 20 13 14 18 1 8 59 41 5 20 32 Clear. Planet high. Dark. 

10! Im. 16 52 37 16 51 43 ti 32 26 5 20 11 Clear, but % rather low. Beginning of the twilight. 

2ilEm.ii 21 7 11 22 29 6 0 51 5 20 16 Clear. Planet high. Satellite emerged close to the planet. 

July 16 Em. 8 17 13,6 8 22 49,5 2 57 85 20 5,6 Planet high. Very little hazy. 

Aug.iyEm. 7 56 1,6 7 59 39,5 2 35 54 5 20 7,6 Planet high. Clear. Dark. 

24 Em. 10 33 19,4 10 35 15 5 12 43 5 20 36,4 Planet high. Very thin haze. Dark. 

Oct. 20 Em. 7 36 1 7 20 49,5 2 14 43 5 21 18 Clear. Dark. 

1795. 

Apr. 1 Im. 16 34 57,j 16 38 44 11 16 15 18 56,5 Clear. Dark. Planet sufficiently high. 

May 3 Im, 16 26 50 16 23 26 11 6 28 5 20 22 Hazy. Planet high. D up, but far from if. 

28 1 m. 13 32 6 13 29 1 8 11 48 5 20 18 Planet high. Rather hazy. The J up, but far from if, 

Aug.n Em. 7 24 42 7 29 27,5 2 4 26 5 20 16 Clear. Dark. Wind high. 

18 Em. 10 1 18,4 10 4 47 4 41 8 5 20 10,4 Clear. If high. Dark. 

Sep. 12 Em. 7 12 2S 78 31,5 1 52 13 5 20 15 Clear, Planet high. Bark. 

Oct. 14 Em. 7 2 32 6 48 33,s 1 41 is 5 21 17 Clear. If high. 

Nov. 15 Em. 6 44 31 6 29 24 1 23 13 5 21 18 Clear. The J up. 

1196. 

Apr.26 Im. 15 41 47,5 15 39 13,5 10 20 47 5 21 00,s Planet low and tremulous, The i up. 

May 28 Im. 15 29 9 15 26 9 10 8 21 5 20 48 Hazy. Planet high. The J near 7 f. 

July241m. 12 15 26 12 2i 30 6 54 58 s 20 28 Planet high. Somewhat hazy. The 5 near if. 

Aug.25 Im, 12 5 16 12 646 64428 52048 Planet high. Clear. Satellite close to the planet. 

Sept. 12 Em. 9 31 34 9 27 20 4 10 55 s 20 39 Planet high. A thin haze. 

19 Em. 12 10 3 12 3 19 6 49 40 s 20 23 Clear. Planet high. 

26 Em. 14 48 48 14 39 38,5 9 28 zo 5 20 28 Planet low and tremulous. 

Oct. 14 Em. 9 24 50,5 9 10 40,7 4 3 34 5 21 16,5 Planet covered at the time by a very thin cloud. 

21 Em. 12 1 22 11 45 ss 6 40 50 5 20 26 Planet sufficiently high. 

Nov.15 Em. 9 7 33 8 52 36 3 46 19 5 21 14 Planet high. A thin haze. J up, but not near 7f. 

! 79 8 . 

Jan. 12 Em 7 59 23,3 8 8 23,3 2 38 21 5 21 2,3 Flying clouds. Planet high. 

Mar.17 Em. 7 22 34 7 30 58,5 2 0 5 5 22 29 Planet vrry low and tremulous. 

June24 Im. 17 21 19 17 23 25,3 n 58 24 5 22 55 Planet high. Somewhat hazy. Twilight. 

Sep, 28 Im. 16 51 32 16 41 51,6 11 30 25 21 30 Planet high. Hazy. The J near If. 

Oct. 9 Im. 8 51 1,5 8 38 n,2 3 29 35 5 21 26,5 Clear. If low, and rather tremulous. 

23 Im. 14 9 2 13 53 23,5 8 47 39 5 21 23 Planet near the zenith. Moonlight. 

Nov.17 Em. 13 45 18 13 30 42 8 22 26 5 22 52 Clear. Planet high. 

Dec. 12 Em. 10 47 12,5 10 41 37,7 5 25 34 5 21 38,5 Planet high. Clear. 
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Table II. Second Satellite continued. 


| Time of Observation. 

Time by 

Longitude ef 

Apparent, 

Mean. 

the Ephe- 
mens. 

Madras by the 
Tables. 

h 1 a 

1 45 5 ^ 2 

h / " 

7 5 2 2 5»6 

h ' " 

2 23 8 

k ' » 

5 20 30,2 

10 20 13 

10 29 33 

4 59 34 

5 20 39 

7 23 0,2 

m , k 

7 39 33>9 

in ir rS 

2 3 49 

> >0 

5 21 11,2 


Circumstances of Weather, &e, 


Planet high. J near TJ. 


Mar.11 Em. 7 12 30 7 22 41,3 1 51 40 5 20 50 Clear. Planet high. Moonlight. 

July 20 im. 16 42 6,7 16 48 2,8 11 20 43 5 21 23,7 Planet high. Hazy. Observation uncertain. 

Sep. 15 Im. 13 35 42,0 13 30 37,6 8 14 34 j 21 8,6 Planet rather low. Hazy. 1) up, and near the full. 

Oct. 17'm. 13 28 32 13 13 52,3 8 6 55 5 21 37 If high. Clouds after the satellite had faded, possit 


24 Im. 16 6 7,2 15 50 22 10 44 29 5 

Nov. 18 Im. 1 x 13 34 12 38 3c,8 7 51 54 5 

Dec. 6 Jm. 7 39 25,6 7 30 56,8 2 18 47 5 

13 Ln. 10 10 49 10 5 34,4 4 53 1 5 


1800, 

Jan, 7 Em, 
Feb. 8 Em. 
Mar. 12 Em. 
Nov. 19 Im. 

26 Im. 
Dec. 14 Im. 

1801. 

Feb. 2 Em. 

9 Em, 
Mar. 6 Em, 
13 Em. 
20 Em. 
Oct. 19 Im. 
Dec. 15j Im. 
201 Im. 


9 4 6 3° 9 S3 j 9>6 4 H 3 1 5 

9 28 33 9 43 io,8 4 7 49 5 

9 22 44,3 9 32 42 4 * 54 5 

H 45 3°>5 '4 3i 15 9 2 4 1 5 

17 18 36,7 17 6 22 11 57 16 5 

" 40 37 11 35 45>7 6 J 9 1 5 

8 26 3,4 8 40 10,6 3 3 53 5 
11 2 30 11 17 6,7 5 40 56 5 

8 17 9,3 8 28 44 2 56 17 5 

10 36 43,6 11 6 29,3 3 36 13 

13 37 10,2 13 44 49,3 8 13 38 5 

16 46 35 16 31 38 11 26 19 5 

13 3 19- 2 12 5 s 53>i 7 4 2 10 5 

18 4 18,6 18 6 54,6 12 43 15 

9 5° 2 7>5 9 57 5 6 >3 4 2 9 37 5 

H 55 7>7 ’5 7 2 4’3 9 34 3° 5 


Feb. 10 Im. 9 21 39,5 9 36 18 4 0 48 5 

1/ Im. 11 56 50 12 11 13,8 6 36 58 5 

Mar. 7 Em. 9 22 13,3 9 33 37 4 1 17 5 

May 17 Em. 11 50 57,3 11 46 59,4 6 29 10 5 


2137 If high. Clouds after the satellite had faded, possibly 15 or 
20" before the time. D up. 

21 38,2 Planet near the zenith. D up. 

21 9,4 Planet near the zenith. D up. Observation uncertain to 10". 

20 38,6 Planet rather low, but clear. Moonlight. 

17 48 If high, and the 5 near. Clouds covered the planet after 
the satellite had faded, possibly 30 or 40" before the time. 
Observation of no value in consequence. 

21 39 Planet high. Clear. D near If. 

20 46 Planet high. J near If. 

20 50,5 Planet high. D up, but far from If. Rather hazy. 

21 29,3 Clear. Planet high. 

21 20,7 Planet near the zenith. Twilight. 

21 36 Clear. Planet sufficiently high. 

22 10,4 Clear. Planet. Observation not satisfactory. 

2134 Clear. Planet near the zenith. Observation not satisfactory. 
20 52,3 Clear. If near the zenith. 

20 44,6 Planet near the zenith. Clear. 

21 12,2 Planet very low, and tremulous. 

20 16 Clear. Planet high. Twilight. 

21 9,2 Clear. Planet high, 

21 17,6 Clear. Planet high. Twilight. 

20 50,5 If rather low and tremulous. 

20 37,7 If in the zenith. Clear. Moonlight. The object gla : s 
dimmed by dew. 

20 51,5 Clear. Planet high. Moonlight. 

19 52 Planet near the zenith. 5 full, and very close to li. 

20 56.3 Planet high. Clear. Observation good, 

21 47,3 )f low. Hazy. J up. 
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Table III. Third Satellite. 


Day. 

Im. 

Time of Observation. 

Time by 1 

Longitude of 

Circumstances of Weather, &c. 

or 

Em. 

Apparent. 

Mean. 

the Ephe- 
meris. 

Madras by the 
Tables. 

1 794 * 
Feb. 15 

1 Im. 

b < 11 

15 57 20,5 

h ' » 

16 II 49 

h / » j 

llo 36 42 

h ' n 

5 20 38.5 

Planet clear and high. J near full, but far from 14, 

Mar^c 

Urn. 

! 5 53 lo 

15 57 21 

|io 31 52 

5 2 J 94 

IPlanet dimmed in a small degree by vapour. 

May 5 

j im. 

11 50 39 

u 47 3 

6 29 4I 5 21 35 

Hazy. Planet rather low. Dark. 

Em. 

14 36 56 

14 33 19*5 

9 16 38I 5 20 18 

IPlanet high. A rhin haze. Dark, 

12 

Im. 

15 49 10 

15 45 12 

10 27 30 1 

5 21 40 

Clear. Planet high. 

]»’y 23 

Im. 

7 2 5 59 

7 32 0 

2 6 32 

5 19 27 

Clear. Planet high. The satellite close to 74. 

Sep. 4 

Im. 

7 33 3 2 

7 3 2 *3 

2 13 15. 

5 20 17 

Rather hazy. Planet high. The 5 near. 

! 795 - 
May 27 

Em. 

H 3 8 43 

14 35 3 1 

9 J 7 4 

5 » 39 

Clear. Planet high. 

July 16 

Im. 

14 58 24 

15 401,5 

9 34 45 

5 23 39 

Clear. Planet high. Dark. 

A-ug.14 

Em. 

10 3 l 33 

Jo 35 49-5 

5 10 24 

5 21 9 

Clear. Planet high. Dark. 

Sep. 26 

Im. 

7 l 9 8 

7 10 20 

1 57 2 

5 22 6 

Planet high. Air not very clear. The 5 up. 

Nov. i 

Em. 

7 * 9 

6 51 54 

1 45 50 

5 22 19 

Clear. Planet high. 

8 

Im. 

7 3^ 28 

7 20 26 

2 13 13 

5 2 3 J 5 

Clear. Dark. 

Dec. 14 
1796. 
May I2i 

Em. 

7 5 44 

7 054 

1 43 6 

5 22 38 

Clear. Dark. 

Im. 

'5 4 i 59>5 

15 38 2 

JO 20 16 

5 21 434 

Hazy. Planet high. 

Oct. 10 

Em. 

7 24 19 

7 n 06,7 

1 59 28 

5 2 4 5 1 

Hazy. Planet high. The J up, but not near 11. 

NOV.22 

Em. 

7 J 5 » 

7 21 49 

2 944 

5 2 5 2 4 

Planet high. Rather hazy. 

J 79 8 - 





Jan.26 

Em. 

7 55 14-3 

8 8 22 

2 31 29 

5 2 3 454 ! 

Clear. Planet high. The J up, hut far from If. 

Sep. 5 

Em. 

12 39 6 

12 37 22,6 

7 15 54 

5 2 3 * 2 

Clear. Planet high. 

12 

Em. 

16 42 40 

16 38 30,5 

11 18 35 

5 2 4 5 

Clear. 11 near the zenith. 

Oct. 18! 

Im. 

11 649,5 

10 51 58 

5 3 8 47 

5,8 ,. s 

Clear. 14 high. Moonlight. 


Em. 

12 56 22 

12 41 29,5 

7 3 ° S 2 

5 2 5 3 ° 

Clear. 14 near the zenith. Observation uncertain to 15 cr zo. u 

25 

Em. 

16 59 44 

• 6 43 5 M 

11 32 30 

5 27 »4 

Clear. 14 high and near the J, The satellite close to %. 

7799 * 
Jan. 5 

Im. j 

6 52 56 

6 5 8 5>3 

1 26 0 

J 26 5,6 

Clear. Planet high.) 

1 

Em. 

8 48 27 

8 54 29,5 

3 25 251 

5 23 2 

Clear. Planet high, j 

12 Im.i 

10 50 21,4 

10 59 19,3 

5 24 18 

5 26 3,4 

Clear. Planet high. 

Apr. 1! 

Im. 

7 9 23 

7 13 15 

1 44 1 

5 25 22 

Clear. Planet high, 

Oct. 4 

Im. 

15 ! 7 57 

15 6 30,5 

9 53 43 

5 2 4 H 

Planet high. Clear. 

jBoo. 



} 




Jan.27 
1801. 

Em. 

9 34 4 

1 9 47 J 8 >5 

4 »2 43 

5 21 21 

5 near the zenith. Clear. 

Im. 

Jo 3 45’7 

10 12 54 

4 44 H 

5 19 }J >7 

Planet high. Clear. 

Feb.'Vi 

fm. 

8 54 56 

9 9 *54 

3 3 8 7 

5 1649 

Clear. Planet high, 

Nov. 3j Im. j 

1642 7 

16 25 52,8 

11 26 39 

5 ij 28 

;Air clear, but 14 rather low, 
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XXIII. Electro-Che m ; cal Researches , on the Decomposition of the 
Earths; with Observations on the Metals obtained from the 
alkaline Earths , and on the Amalgam procured from Ammonia . 
By Humphry Davy, Esq. Sec. R. S . M. R. I . 


Read June 30th, 1808. 

1. Introduction. 

In the Philosophical Transactions for 1807, Part I. and 1808, 
Part I. I have detailed the general methods of decomposi¬ 
tion by electricity, and stated various new facts obtained in 
consequence of the application of them. 

The results of the experiments on potash and soda, as I 
stated in my last communication to the Society, afforded me 
the strongest hopes of being able to effect the decomposition 
both of the alkaline and common earths ; and the phenomena 
obtained in the first imperfect trials made upon those bodies 
countenanced the ideas that had obtained from the earliest 
periods of chemistry, of their being metallic in their nature.* 

* Beccher is the first chemist, as far as my reading informs me, who distinctly 
pointed out the relations of metals to earthy substances, see Phys. subt. Lipsia;, 4to. 
p. 61. He was followed by Stahl, who has given the doctrine a more perfect form. 
Beccher’s idea was that of an universal elementary earth, which, by uniting to an 
inflammable earth, produced all the metals, and under other modifications formed 
stones. Stahl admitted distinct earths which he supposed might be converted into 
metals by combining with phlogiston; see Stakl Fundament. Chym. p. 9. 4to. and. 
Conspect. Chem. 1. 77. 4-to.— Neuman gives an account of an elaborate series of 
unsuccessful experiments which he made to obtain a metal from quicklime. Lewi’s 
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Many difficulties however occurred in the way of obtaining 
complete evidence on this subject: and the pursuit of the en¬ 
quiry has required much labour and a considerable devotion 
of time, and has demanded more refined and complicated pro¬ 
cesses than those which had succeeded with the fixed alkalies. 

The earths like the fixed alkalies are non-conductors of elec¬ 
tricity ; but the fixed alkalies become conducting by fusion: the 
infusible nature of the earths, however, rendered it impos¬ 
sible to operate upon them in this state: the strong affinity 
of their bases for oxygene, made it unavailing to act upon 
them in solution in water; and the only methods that 
proved successful, were those of operating upon them by elec¬ 
tricity in some of their combinations, or of combining them at 
the moment of their decomposition by electricity, in metallic 
alloys, so as to obtain evidences of their nature and properties. 

Neuman’s Chem. Works, 2d. edit. vol. i. p. 15. The earlier English chemical phi¬ 
losophers seem to have adopted the opinion of the possibility of the production of 
metals from common earthy substances; see Boyle, vol. i. 4to. p. 564, and Grew, 
Anatomy of Plants, lec. ii. p. 242. But these notions were founded upon a kind of 
alchemical hypothesis of a general power in nature of transmuting one species of 
matter into another. Towards the end of the last century the doctrine was advanced 
in a more philosophical form ; Bergman suspected barytes to be a metallic calx, Prser. 
Sciagrap. Reg. Min. &Opusc. iv, 212. Baron supported the idea of the probability of 
alumine being a metallic substance, seeAnnales de Chemie, vol. x. p. 257.—La voisier 
extended these notions, by supposing the other earths metallic oxides. Elements, 2d 
edit. Kerr’s translation, p. 217. The general enquiry was closed by the assertion of 
Tondi and Rufrecht, that the earths might be reduced by charcoal; and the accu¬ 
rate researches of Klaproth and Savaresi, who proved by the most decisive ex¬ 
periments, that the metals taken for the bases of the earths were phosphurets of iron, 
obtained from the bone ashes and other materials employed in the experiment, Annales 
de Chemie, vol viil p. 18. and vol. x. p. 257, 275. Amidst all these hypotheses, potash 
and soda were never considered as metallic in their nature ; Lavoisier supposed them 
to contain azote; nor at that time were there any analogies to lead that acute philo¬ 
sopher to a happier conjecture. 
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I delayed for some time laying an account of many of the 
principal results which I obtained before the Society, in the 
hopes of being able to render them more distinct and satisfac¬ 
tory ; but finding that for this end a more powerful battery, 
and more perfect apparatus than I have a prospect of seeing 
very soon constructed, will be required, I have ventured to 
bring forwards the investigation in its present imperfect state ; 
and I shall prefer the imputation of having published unfinished 
labours, to that of having concealed any new facts from the 
scientific world, which may tend to assist the progress of che¬ 
mical knowledge. 

2. Methods employed for decomposing the alkalme Earths . 

Barytes, strontites, and lime, slightly moistened, were elec¬ 
trified by iron wires under naphtha, by the same methods, and 
with the same powers as those employed for the decompo¬ 
sition * of the fixed alkalies. In these cases, gas was copiously 
evolved, which was inflammable; and the earths where in con¬ 
tact with the negative metallic wires became dark coloured, 
and exhibited small points having a metallic lustre, which, 
when exposed to air, gradually became white ; they became 
white likewise when plunged under water, and when examined 
in this experiment by a magnifier, a greenish powder seemed 
to separate from them, and small globules of gas were dis- 
engaged. 

In these cases there was great reason to believe that 
the earths had been decomposed ; and that their bases had 
combined with the iron, so as to form alloys decomposible by 
the oxygeneof air or water; but the indistinctness of the effect, 

* See page 4, 
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sas 

and the complicated circumstances required for it, were such 
as to compel me to form other plans of operation. 

The strong attraction of potassium for oxygene, induced me 
to try whether this body might not detach the oxygene from 
the earths, in the same manner as charcoal decomposes the 
common metallic oxides. 

I heated potassium in contact with dry pure lime, barytes* 
strontites, and magnesia, in tubes of plate glass ; but as I was 
obliged to use very small quantities, and as I could not raise 
the heat to ignition without fusing the glass, I obtained in this 
way no good results. The potassium appeared to act upon 
the earths and on the glass, and dark brown substances were 
obtained, which evolved gas from water; but no distinct 
metallic globules could be procured: from these circumstances, 
and other like circumstances, it seemed probable, that though 
potassium may partially de-oxygenate the earths, yet its 
affinity for oxygene, at least at the temperature which I em¬ 
ployed, is not sufficient to effect their decomposition. 

I made mixtures of dry potash in excess and dry barytes, 
lime, strontites, and magnesia, brought them into fusion, and 
acted upon them in the voltaic circuit in the same manner as 
that I employed for obtaining the metals of the alkalies. My 
hopes were, that the potassium, and the metals of the earths 
might be de-oxygenated at the same time, and enter into com¬ 
bination in alloy. 

In this way of operating, the results were more distinct than 
in the last: metallic substances appeared, less fusible than 
potassium, which burnt the instant after they had formed, and 
which by burning produced a mixture of potash and the earth 
employed ; I endeavoured to form them under naphtha, but 
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without much success. To produce the result at all, required 
a charge by the action of nitric acid, which the state of the 
batteries did not permit me often to employ ;* and the metal 
was generated only in very minute films, which could not be 
detached by fusion, and which were instantly destroyed by 
exposure to air. 

I had found in my researches upon potassium, that when a 
mixture of potash and the oxides of mercury, tin, or lead, was 
electrified in the Voltaic circuit, the decomposition was very 
rapid, and an amalgam, or an alloy of potassium was obtained; 
the attraction between the common metals and the potassium 
apparently accelerating the separation of the oxygene. 

The idea that a similar kind of action might assist the de¬ 
composition of the alkaline earths, induced me to electrify 
mixtures of these bodies and the oxide of tin, of iron, of lead, 
of silver, and of mercury ; and these operations were far more 
satisfactory than any of the others. 

A mixture of two-thirds of barytes and one-third of oxide 

* The power of this combination, though it consisted of one hundred plates of 
copper and zinc of six inches, and one hundred and fifty of four inches, at this time 
was not more than equal to that of a newly constructed apparatus of one hundred and 
fifty, of four inches. It had been made for the demonstrations in the Theatre of the 
Royal Institution in 1803; and since that time had been constantly employed 
in the annual courses of Lectures, and had served in different parts, for the numerous 
experiments on the decomposition of bodies by electricity, detailed in the Bakeri an 
Lectures for 1806 and 1807, and a number of the plates were destroyed by corrosion. 
I mention these circumstances, because many chemists have been deterred from pur¬ 
suing experiments on the decomposition of the alkalies and the earths, under the idea 
that a very powerful combination was required for the effect. This, however, is far 
from being the case ; all the experiments detailed in the text may be repeated by 
means of a Voltaic battery, containing from one hundred to one hundred and fifty 
plates of four or six inches. 

MDCCCVIII. X X 
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of silver very slightly moistened was electrified by iron wires ; 
an effervescence took place at both points of contact, and 
a minute quantity of a substance, possessing the whiteness of 
silver, formed at the negative point. When the iron wire to 
which this substance adhered was plunged into water con¬ 
taining a little alum in solution, gas was disengaged, which 
proved to be hydrogene ; and w^hite clouds which were found 
to be sulphate of barytes, descended from the point of the 
wire. 

A mixture of barytes and red oxide of mercury, in the 
same proportions, was electrified in the same manner. A 
small mass of solid amalgam adhered to the negative wire, 
'which evidently contained a substance, that produced barytes 
by exposure to air, w ; ith the absorption of oxygene ; and which 
occasioned the .evolution of hydrogene from water, leaving 
pure mercury, and producing a solution of barytes. 

Mixtures of lime, strontites, magnesia, and red oxide of mer¬ 
cury, treated in the same manner, gave similar amalgams, from 
w hich the alkaline earths were regenerated by the action of air 
or water, with like phenomena; but the quantities of metallic 
substances obtained w r ere exceedingly minute; they appeared 
as mere superficial formations surrounding the point of the 
wire, nor did they increase after the first few minutes of 
electrization, even when the process was carried on for some 
hours. 

These experiments w 7 ere made previous to April, 1808, at 
which time the batteries w r ere so much injured by constant use, 
as no longer to form an efficient combination. The enquiry was 
suspended for a short time: but in May I was enabled to resume 
it. by employing a new and much more powerful combination. 
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constructed in the Laboratory of the Royal Institution, and con¬ 
sisting of five hundred pairs of double plates of six inches 
square. 

When I attempted to obtain amalgams with this appa¬ 
ratus, the transmitting wires being of platina, of about of an 
inch in diameter ; the heat generated was so great as to burn 
both the mercury and basis of the amalgam at the moment 
of its formation ; and when by extending the surfaces of the 
conductors, this pow r er of ignition was modified, yet still the 
amalgam was only produced in thin films, and I could not 
obtain globules sufficiently large to submit to distillation. 
When the transmitting wires were of iron of the same thick¬ 
ness, the iron acquired the temperature of ignition, and com¬ 
bined with the bases of the earths in preference to the mercury, 
and metallic alloys of a dark grey colour were obtained, which 
acted on water with the evolution of hydrogene, and w'ere 
converted into oxide of iron, and alkaline earths. 

Whilst I was engaged in these experiments, in the beginning 
of June, I received a letter from Professor Berzelius of Stock¬ 
holm, in which he informed me that in conjunction with Dr. 
Pontin, he had succeeded in decomposing barytes and lime, 
by negatively electrifying mercury in contact with them, and 
that in this way he had obtained amalgams of the metals of 
these earths. 

I immediately repeated these operations with perfect suc¬ 
cess ; a globule of mercury, electrified by the power of the 
battery of 500, weakly charged, was made to act upon a 
surface of slightly moistened barytes, fixed upon a plate of 
platina. The mercury gradually became less fluid, and after 
a few minutes was found covered with a white film of barytes ; 
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and when the amalgam was thrown into water, hydrogene 
was disengaged, the mercury remained free, and a solution of 
barytes was formed 

The result with lime, as these gentlemen had stated, was 
precisely analogous. 

That the same happy methods must succeed with strontites 
and magnesia, it was not easy to doubt, and I quickly tried 
the experiment. 

From strontites I obtained a very rapid result; but from 
magnesia, in the first trials, no amalgam could be procured. By 
continuing the process however, for a longer time, and keeping 
the earth continually moist, at last a combination of the basis 
with mercury was obtained, which slowly produced magnesia 
by absorption of oxygene from air, or by the action of water. 

All these amalgams I found might be preserved for a con¬ 
siderable period under naphtha. In a length of time, however, 
they became covered with a white crust under this fluid. 
When exposed to air, a very few minutes only were required 
for the oxygenation of the bases of the earths, fn water the 
amalgam of barytes was most rapidly decomposed : that of 
strontites and that of lime next in order: but the amalgam 
from magnesia, as might be expected from the weak affinity of 
the earth for water, very slowly changed ; when a little sul¬ 
phuric acid was added to the w r ater, however, the evolution of 
hydrogene, and the production and solution of magnesia were 
exceedingly rapid, and the mercury soon remained free. 

I was inclined to believe that one reason why magnesia was 
less easy to metallize than the other alkaline earths, w r as its 
insolubility in water, which would prevent it from being pre¬ 
sented in the nascent state, detached from its solution at thfe 
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negative surface. On this idea I tried the experiment, using 
moistened sulphate of magnesia, instead of the pure earth; 
and I found that the amalgam was much sooner obtained. 
Here the magnesia was attracted from the sulphuric acid, and 
probably deoxygenated and combined with the quicksilver at 
the same instant. 

The amalgams of the other bases of the alkaline earths, 
could, I found, be obtained in the same manner from their 
saline compounds. 

I tried in this way very successfully, muriate and sulphate 
of lime, the muriate of strontites, and of barytes, and nitrate of 
barytes. The earths separated at the deoxygenating surface, 
there seemed instantly to undergo decomposition, and seized 
upon by the mercury, were in some measure defended from 
the action of air, and from the contact of water, and preserved 
by their strong attraction for this metal. 

III. Attempts to procure the Metals of the alkalme Earths; and 
on their Properties . 

To procure quantities of amalgams sufficient for distillation, 
I combined the methods I had before employed, with those of 
M. M. Berzelius and Pontin. 

The earths were slightly moistened, and mixed with one- 
third of red oxide of mercury, the mixture was placed on a 
plate of platina, a cavity was made in the upper part of it to 
receive a globule of mercury, of from fifty to 60 grains in 
weight, the whole was covered by a film of naphtha, and the 
plate was made positive, and the mercury negative, by a pro¬ 
per communication with the battery of five hundred. 

The amalgams obtained in this way, were distilled in tubes 
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of plate glass, or in some cases in tubes of common glass. 
These tubes were bent in the middle, and the extremities 
were enlarged, and rendered globular by blowing, so as to 
serve the purposes of a retort and receiver. 

The tube after the amalgam had been introduced, was 
filled with naphtha, which was afterwards expelled by boiling, 
through a small orifice in the end corresponding to th j 
receiver, which was hermetically sealed when the tube con¬ 
tained nothing but the vapour of naphtha, and the amalgam. 

I found immediately that the mercury rose pure by distilla¬ 
tion from the amalgam, and it was very easy to separate a 
part of it; but to obtain a complete decomposition was very 
difficult. 

For this nearly a red heat was required, and at a red heat 
the bases of the earths instantly acted upon the glass, and 
became oxygenated. When the tube was large in proportion 
to the quantity of amalgam, the vapour of the naphtha fur¬ 
nished oxygene sufficient to destroy part of the bases: and 
when a small tube was employed, it was difficult to heat the 
part used as a retort sufficient to drive offi the whole of the 
mercury from the basis, without raising too highly the tem¬ 
perature of the part serving for the receiver, so as to burst 
the tube.* 

In consequence of these difficulties, in a multitude of trials, 
I obtained only a very few successful results, and in no case 
could I be absolutely certain that there was not a minute por¬ 
tion of mercury still in combination with the metals of the 
earths. 

* When the quantity of the amalgam was about fifty or sixty grains, I found that 
the wbe could not be conveniently Jess than one-sixth of an inch in diameter, and of 
Jhe capacity of about half a cubic inch. 
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In the best result that I obtained from the distillation of 
the amalgam of barytes, the residuum appeared as a white 
metal of the colour of silver. It was fixed at all common 
temperatures, but became fluid at a heat below redness, and 
did not rise in vapour when heated to redness, in a tube of 
plate glass, but acted violently upon the glass, producing a 
black mass, which seemed to contain barytes, and a fixed 
alkaline basis, in the first degree of oxygenation.* 

* From this fact, compared with other facts that have been stated, p. 336, it may 
be conjectured, that the basis of barytes has a higher affinity for oxygene than 
sodium; and hence, probably the bases of the earths will be more powerful instru¬ 
ments for detecting oxygene, than the bases of the alkalies. 

I have tried a number of experiments on the action of potassium on bodies 
supposed simple, and on the undecompounded acids. From the affinity o* - the 
metal for oxygene, and of the acid for the substance formed, I had entertained the 
greatest hopes of success. It would be inconsistent with the object of this paper to 
enter into a full detail of the methods of operation ; I hope to be able to state them 
fully to the Society at a future time, when they shall be elucidated by further 
researches; I shall now merely mention the general results, to shew that I have not 
been tardy in employing the means which were in my power, towards effecting these 
important objects. 

When potassium was heated in muriatic acid gas, as dry as it could be obtained by 
common chemical means, there was a violent chemical action with ignition; and 
when the potassium was in sufficient quantity, the muriatic acid gas wholly disap¬ 
peared, and from one-tfiird to one-tourth of its volume of hydrogene was evolved, 
and muriate of potash was formed. 

On fluoric acid gas, which had been in contact with glass, the potassium produced 
a similar effect; but the quantity of hydrogene generated was only one-sixth or 
one-seventh of the volume of gas, and a white mass was formed, which principally 
consisted of fluate of potash and silex, but which emitted fumes of fluoric acid 
when exposed to air. 

When boracic acid, prepared in the usual manner, that had been ignited, was 
heated in a gold tube with potassium, a very minute quantity of gas only was liber¬ 
ated, which was hydrogene, mixed with nitrogene, (the last probably from the com¬ 
mon air in the tube); borate of potash was formed, and a black substance, which 
became white by exposure to air. 
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When exposed to air, it rapidly tarnished, and fell into a 
white powder, which was barytes When this process was 
condncted in a small portion of air, the oxygene was found 
absorbed, and the nitrogene unaltered; when a portion of it 
was introduced into water, it acted upon it with great violence 
and sunk to the bottom, producing in it barytes; and hydrogene 
was generated. The quantities in which I obtained it were too 
minute for me to be able to examine correctly, either its phy¬ 
sical or chemical properties. It sunk rapidly in water, and 
even in sulphuric acid, though surrounded by globules of 
hydrogene, equal to two or three times its volume; from 
which it seems probable, that it cannot be less than four or 
five times as heavy as water. It flattened by pressure, but 
required a considerable force for this effect. 

In all these instances there is great reason to believe that the hydrogene was produced 
from the water adhering to the acids ; and the different proportions of it in the dif¬ 
ferent cases, are a strong proof of this opinion. Admitting this idea, it seems that 
muriatic acid gas must contain at least one-eighth or one-tenth of its weight of water ; 
and that the water oxygenates in the experiment a quantity of potassium, sufficient to 
absorb the whole of the acid. 

Ih the cases of fluoric and boracic acids, there is probably a decomposition of these 
bodies ; the black substance produced from the boracic acid is similar to that which I 
had obtained from it by electricity. The quantities that I have operated upon, have 
been as yet too small to enable me to separate and examine the products, and till 
this is done, no ultimate conclusion can be drawn. 

The action of potassium upon muriatic acid gas, indicates a much larger quantity 
of water in this substance, than the action of electricity in Dr. Henry’s elaborate ex¬ 
periments ; but in the one instance the acid enters into a solid salt, and in the other it 
remains aeriform ; and the difficulty of decomposition by electricity, must increase in 
proportion as the quantity of water diminishes, so that at the apparent maximum of 
electrical effect, there is no reason to suppose the gas free from water. 

1 hose persons who have supposed hydrogene to be the basis of muriatic acid may, 
perhaps, give another solution of the phenomena, and consider the experiment I have 
detailed as a proof of this opinion. 
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The metal from strontites sunk in sulphuric acid, and ex¬ 
hibited the same characters as that from barytes, except in 
producing strontites by oxydation. 

The metal from lime, I have never been able to examine 
exposed to air or under naphtha. In the case in which I was 
able to distil the quicksilver from it to the greatest extent, the 
tube unfortunately broke, whilst warm, and at the moment 
that the air entered, the metal, which had the colour and 
lustre of silver, instantly took fire, and burnt with an intense 
white light into quicklime. 

The metal from magnesia seemed to act upon the glass, 
even before the whole of the quicksilver was distilled from 
it. In an experiment in which I stopped the process before 
the mercury was entirely driven off, it appeared as a solid, 
having the same whiteness and lustre as, the other metals of 
the earths. It sunk rapidly in water, though surrounded by 
globules of gas, producing magnesia, and quickly changed in 
air, becoming covered with a white crust, and falling into a 
fine powder, which proved to be magnesia. 

In several cases in which amalgams of the metals of the 
earths, containing only a small quantity of mercury were ob¬ 
tained, I exposed them to air on a delicate balance, and 
always found that during the conversion of metal into earth, 
there was a considerable increase of weight. 

I endeavoured to ascertain the proportions of oxygene, and 
bases, in barytes and strontites, by heating amalgams of them 
in tubes filled with oxygene, but without success. I satisfied 
myself, however, that when the metals of the earths were 
burned in a small quantity of air they absorbed oxygene, 

mdcccviii. Y y 
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gained weight in the process, and were in the highly caustic 
or unslacked state; for they produced strong heat by the 
contact of water, and did not effervesce during their solution 
in acids. 

The evidence for the composition of the alkaline earths is 
then of the same kind as that for the composition of the com¬ 
mon metallic oxides; and the principles of their decomposi¬ 
tion are precisely similar, the inflammable matters in all cases 
separating at the negative surface in the Voltaic circuit, and 
the oxygene at the positive surface. 

These new substances will demand najnes ; and on the same 
principles as I have named the bases of the fixed alkalies, 
potassium and sodium, I shall venture to denominate the 
metals from the alkaline earths barium, strontium, calcium, 
and magnium; the. last of these words is undoubtedly ob¬ 
jectionable, but magnesium * has been already applied to 
metallic manganese, and would consequently have been an 
equivocal term. 

IV. Enquiries relative to the Decomposition of Alimine , Silex, 
Zircone , and Glucine. 

I tried the methods of electrization and combination with 
quicksilver, and the common metals, by which I had suc¬ 
ceeded in decomposing the alkaline earths, on alumine and 
silex ; but without gaining distinct evidences of their having 
undergone any change in the processes. 

Obliged to seek for other means of acting upon them, it 
was necessary to consider minutely their relations to other 

* Bsrgvan. Opusc. tom. ii. p. aoa 
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bodies, and to search for analogies by which the principles of 
research might be guided. 

Alumine very slowly finds its point of rest at the negative 
pole, in the electrical circuit; but silex, even when diffused 
in its gelatinous state through water, rests indifferently at the 
negative or positive poles. 

' From this indifference to positive and negative electrical 
attractions, following the general order of facts, it might be 
inferred, that if these bodies be compounds, the electrical 
energies of their elements are nearly in equilibrium ; and that 
their state is either analogous to that of insoluble neutral salts, 
or of oxides nearly saturated with oxygene. 

The combinations of silex and alumine, with acids and alka¬ 
lies, as well as their electrical powers, were not inconsistent 
with either of these ideas ; for in some respects they resemble 
in physical characters, fluate and phosphate of lime, as much 
as in others, they approach to the oxides of zinc and tin. 

On the idea that silex might be an insoluble neutrosaline 
compound, containing an unknown acid or earth, or both, and 
capable of being resolved into its secondary elements, in the 
same manner as sulphate of barytes, or fluate of lime, I made 
the following experiments. 

Two gold cones,* connected by moistened amianthus, were 
filled with pure water, and placed in the electrical cir¬ 
cuit, a small quantity of carefully prepared and well washed 
silex was introduced into the positive cone : the action was 
kept up from a battery of two hundred plates, for some hours 
till nearly half of the fluid in each cone was exhausted ; the 
remainders were examined ; the fluid in the cone containing 

* The same as those described in Phil. Trans. 1807, p. 6 . 
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the silex was strongly acid; that in the opposite cone was 
strongly alkaline; the two fluids were passed through bibu¬ 
lous paper, and mixed together, when a precipitate fell down, 
which proved to be silex. 

On the first view of the subject, it appeared probable that 
this silex had been formed by the union of the acid and the 
alkaline matter in the two cones, and that the experiment 
demonstrated a decomposition and recomposition of silex ; but 
before such a conclusion could be made, many points were to 
be determined. 

It was possible that the acid might be nitric acid, produced 
as in other electrical experiments of a similar nature, and that 
this acid might have dissolved silex, which was precipitated by 
the alkaline matter at the other pole, which might be either 
potash used for dissolving the silex, which had adhered to it, 
notwithstanding the processes of lixiviation in acids, or am¬ 
monia produced in consequence of the presence of the atmos¬ 
phere ; or if potash w as present, it was likewise possible that 
the silex might have been carried over in solution, with this 
alkali, from the positive to the negative surface. 

Minute experiments were instituted and completed in the 
same manner as those detailed in the Philosophical Transac¬ 
tions for 1807, p. 7. which soon proved that there was no 
reason to suppose that the silex had. been changed in these 
experiments. 

The acid proved to be nitric add, which under the electrical 
action seemed to have dissolved the silex *, the alkali turned 
out to be principally fixed alkali; and that it was merely 
an accidental ingredient, and not a constituent of the silex, 
appeared from this circumstance^ that when the same portion 
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of silex was long electrified, by degrees it lost its power of 
affording the substance in question.* 

This result having taken place, the same plan of operation 
was not pursued with respect to alumine, which resembles a 
saline compound less than silex, and the method which I now 
adopted of acting upon these bodies, was on the supposition 
of their being inflammable substances so highly saturated 
with oxygene as to possess little or no positive electricity. 

Alumine and silex have both a strong affinity for potash 
and soda; now supposing them to be oxides, it was reason¬ 
able to conclude that the oxygene, both in the alkalies and 
the earths, must be passive as to this power, which must 
consequently be referred to their bases, and on this notion it 
was possible that it might be made to assist their decomposi¬ 
tion by electricity. 

After this reasoning, I fused a mixture of one part of silex, 
and six of potash in a platina crucible, and preserved the mix¬ 
ture fluid, and in ignition, over a fire of charcoal; the crucible 
was rendered positive from the battery of five hundred, and a 
rod of platina, rendered negative, was brought in contact with 

* If silex that has been carefully washed, after precipitation by muriatic acid from 
liquor silicum, be moistened, and acted on by mercury negatively electrified, the 
mercury soon contains a notable quantity of potassium. Well washed alumine that 
has been precipitated from alum by carbonate of soda, affords by the same treat¬ 
ment sodium and potassium, so that the powers of electrochemical analysis are con¬ 
tinually demons! rating the imperfection of the common chemical methods of separating 
bodies from each other. The purest boracic acid which can be obtained from borax 
by chemical decomposition, by electrical analysis is shewn to contain both soda, and 
the ckcomposing acid employed in the process; and hence the experiment on the 
action of the boracic acid and potassium, page 343, may possibly be explained 
without assuming its decomposition. 



$50 Mr. Davy’s Electrochemical Researches on 

the alkaline menstruum. At the moment of contact there 
was a most intense light; when the rod was plunged into the 
liquid an effervescence took place, and globules winch burnt 
with a brilliant flame rose to the surface, and swam upon it in 
a state of combustion. In a few minutes, when the mixture 
was cool, the platina bar was removed : after as much as pos¬ 
sible of the alkali and silex had been detached from it by a 
knife, there remained brilliant metallic scales round it, which 
instantly became covered with a white crust in the air, and 
some of which inflamed spontaneously. The platina appeared 
much corroded, and of a darker tint than belongs to the pure 
metal. When it was plunged into water it strongly effer¬ 
vesced : the fluid that came from it was alkaline; when a few 
drops of muriatic acid were added to the solution, a white 
cloudiness occurred, which various trials demonstrated, de¬ 
pended upon the presence of silex. 

A similar mixture of potash and alumine was experimented 
upon in the same manner, and the results were perfectly ana¬ 
logous ; there adhered to the rod of platina a film of a metallic 
substance, which rapidly decomposed water, and afforded a 
solution which deposited alumine by the action of an acid. 

I tried several forms of this experiment, with the hopes of 
being able to obtain a sufficient quantity of the metallic matter 
from the platina, so as to examine it in a separate state ; but 
I was not successful. It was always in superficial scales, which 
oxidated, becoming white and alkaline, before it could be de¬ 
tached in the air; it instantly burnt when heated, and could 
not be fused under n,aphtha or oil. 

I tried similar experiments with mixtures of soda and 
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alumine, and soda and zircone, and used iron as the negatively 
electrified metal. In all these cases, during the whole pro¬ 
cess of electrization, abundance of globules, which swam in 
a state of inflammation on the fused mass, were produced. 
And in the mixture, when cooled, small laminae of metal were 
found of the colour of lead, and less fusible than sodium, 
which adhered to the iron ; they acted violently upon water, 
and produced soda and a white powder, but in quantities too 
small to be.minutely examined. 

I endeavoured to procure an alloy of potassium, and the 
bases of the earths, from mixtures of potash, silex, and alu¬ 
mine, fused by electricity, and acted on by the positive and 
negative surfaces in the same manner as pure potash, in ex¬ 
periments for the decomposition of that substance; but I 
obtained no good results. When the earths were in quantities 
equal to one-fourth or one-fifth of the alkali, they rendered it 
so highly non-conducting, that it was not easy to affect it by 
electricity, and when they were in very minute portions, the 
substance produced had the characters of pure potassium. 

I heated small globules of potassium, in contact with silex 
and alumine, in tubes of plate glass filled with the vapour of 
naphtha: the potassium seemed to act at the same time upon the 
glass and the earths, and a grayish opaque mass, not possessed 
of metallic splendour was obtained, which effervesced in water, 
depositing white clouds. Here it was possible that the potash 
had been converted wholly or partly into protoxide, by its 
action upon the earths; but as no globule was obtained, and 
as the plate glass alone might have {reduced the effect, no 
decided inference of the decomposition of the earths can be 
drawn from the process. 
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I shall now mention the last trials that I made with respect 
to this object. 

Potassium, amalgamated with about one-third of mercury, 
was electrified negatively under naphtha, in contact with silex 
very slightly moistened, by the power of five hundred ; after 
an hour the result was examined. The potassium was made 
to decompose water, and the alkali formed neutralized by 
acetous acid ; a white matter, having all the appearance of 
silex precipitated, but in quantity too small for accurate ex¬ 
amination. 

I tried the same method of action upon alumine and glucine, 
and obtained a cloudiness, more distinct than in the case of 
silex, by the action of an acid upon the solution obtained from 
the amalgam. 

Zircone exposed in the same manner to the action of elec¬ 
tricity, and the attraction of potassium, furnished still more 
satisfactory results, for a white and fine powder, soluble in 
sulphuric acid, and which was precipitated from sulphuric acid 
by ammonia, separated from the amalgam that had been 
obtained, by the action of water. 

From the general tenor of these results, and the compari¬ 
son between the different series of experiments, there seems 
very great reason to conclude that alumine, zircone, glucine, 
and silex are, like the alkaline earths, metallic oxides, for on 
no other supposition is it easy to explain the phenomena that 
have been detailed. 

The evidences of decomposition and composition, are not, 
however of the same strict nature as those that belong to the 
fixed alkalies and alkaline earths ; for it is possible, that in the 
experiments in which the silex, alumine, and zircone appeared 
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to separate during the oxidation of potassium and sodium, 
their bases might not actually have been in combination with 
them, but the earths themselves, in union with the metals of 
the alkalies, or in mere mechanical mixture. And out of 
an immense number of experiments which I made of the 
kind last detailed, a very few only gave distinct indications of 
the production of any earthy matter ; and in cases when earthy 
matter did appear, the quantity was such as rendered it impos¬ 
sible to decide on the species. 

Had I been so fortunate as to have obtained more certain 
evidences on this subject, and to have procured the metallic 
substances I was in search of, I should have proposed for them 
the names of silicium, alumium, zirconium, and glucium. 

V. On the production of an Amalgam from Ammonia , and on 
its Nature and Properties. 

In the communication from Professor Berzelius and Dr. 
Pontin, which I have already referred to, a most curious and 
important experiment on the deoxydation and amalgamation 
of the compound basis of ammonia is mentioned, which these 
ingenious gentlemen regard as a strict proof of the idea 1 had 
formed of its being an oxide with a binary basis. 

Mercury, negatively electrified in the Voltaic circuit, is 
placed in contact with solution of ammonia. Under this 
agency it gradually increases in volume, and when expanded 
to four or five times its former dimensions, becomes a soft 
solid. 

And that this substance is composed of the deoxygenated 
compound basis of ammonia and mercury, they think is 
proved ; 1. By the reproduction of quicksilver and ammonia. 
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with the absorption of oxygene, when it is exposed to air; 
and secondly, by its forming ammonia in water, whilst hydro¬ 
gene is evolved, and the quicksilver gradually becomes free. 

An operation, in which hydrogene and nitrogene exhibit 
metallic properties, or in which a metallic substance is appa¬ 
rently composed from its elements, cannot fail to fix the 
attention of chemists: and the peculiar interest which it of¬ 
fered in its relations to the general theory of electrochemical 
science, induced me to examine the circumstances connected 
with it minutely and extensively. 

In repeating the process of the Swedish chemists, I found 
that to form an amalgam from fifty or sixty grains of mer¬ 
cury, in contact with saturated solution of ammonia, required 
a considerable time, and that this amalgam greatly changed 
even in the short period required for removing it from the 
solution. 

I was however able, in this mode of operating, to witness all 
the results they have stated, and I soon found simple and 
more easy means of producing the effect, and circumstances 
under which it could be more distinctly analysed. 

The experiments which I have detailed in the Bakerian 
lecture for 1806, proved that ammonia is disengaged from the 
ammoniacal salts, at the negative surface in the Voltaic cir¬ 
cuit ; and I concluded that under this agency, it may be acted 
on in what is called the nascent state, when it was reasonable 
to conclude it would be more readily deoxygenated and com¬ 
bined w r ith quicksilver. 

On this view of the subject, I made a cavity in a piece of 
muriate of ammonia; into this a globule of mercury, weighing 
about fifty grains, w ; as introduced. The muriate w^as slightly 
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moistened, so as to be rendered a conductor, and placed on a 
plate of platina, which was made positive in the circuit of the 
large battery. The quicksilver was made negative by means 
of a platina wire. The action of the quicksilver on the salt was 
immediate ; a strong effervescence with much heat took place. 
The globule in a few minutes had enlarged to five times its 
former dimensions, and had the appearance of an amalgam 
of zinc ; and metallic crystallizations shot from it, as a centre, 
round the body of the salt. They had an arborescent appear¬ 
ance, often became coloured at their points of contact with 
the muriate; and when the connection was broken, rapidly 
disappeared, emitting ammoniacal fumes, and reproducing 
quicksilver. 

When a piece of moistened carbonate of ammonia was used, 
the appearances were the same, and the amalgam was formed 
with equal rapidity. In this process of deoxydation, when the 
battery was in powerful action, a black matter formed in the 
cavity, which there is every reason to believe was carbonaceous 
matter from the decomposition of the carbonic add of the car¬ 
bonate.* 

The strong attraction of potassium, sodium, and the metals of 
the alkaline earths for oxygene, induced me to examine whe¬ 
ther their deoxydating powers could not be made to produce 
the effect of the amalgamation of ammonia, independently of 
the agency of electricity ; and the result was very satisfactory. 

When mercury, united to a small quantity of potassium, 
sodium, barium, or calcium, was made to act upon moistened 

* The black matter which separates at the negative surface in the electrical expe¬ 
riments on the decomposition of potash or soda, and which some experimenters have 
found it difficult to account for, is I find carbonaceous, and dependent upon the pre¬ 
sence of carbonic acid in the alkali. 


Z Z 3 



556 Mr. Davy's Electrochemical Researches on 

muriate of ammonia, the amalgam rapidly increased to six or 
seven times its volume, and the compound seemed to con¬ 
tain much more ammoniacal basis than that procured by elec¬ 
trical powers. 

As in these cases, however, a portion of the metal used for 
the deoxydation always remained in union in the compound; in 
describing the properties of the amalgam from ammonia, I 
shall speak only of that procured by electrical means. 

The amalgam from ammonia, when formed at the tempera¬ 
ture of 70° or 80, is a soft solid, of the consistence of butter ; 
at the freezing temperature it becomes firmer, and a crystal¬ 
lized mass, in which small facets appear, but having no per¬ 
fectly defined form.* Its specific gravity is below 3, water 
being one. 

When exposed to air it soon becomes covered with a white 
crust, which proves to be carbonate of ammonia. 

When thrown into water it produces a quantity of hydro¬ 
gene, equal to about half its bulk, and in consequence of this 
action the w^ater becomes a weak solution of ammonia. 

When it is confined in a given portion of air, the air enlarges 
considerably in volume, and the pure quicksilver re-appears. 
Ammoniacal gas, equal to one and a half or one and three- 
fifths of the volume of the amalgam is found to be produced, 
and a quantity of oxygene equal to one-seventh, or one-eighth- 
of the ammonia disappears.-f 

* From the facet I suspect the form to be cubical. The amalgam of potassium 
crystallizes in cubes as beautiful, and in some cases as large, as those of bismuth. 

f This experiment confirms the opinions I have stated concerning the quantify of 
oxygene in ammonia; but as water is present, as will be immediately shewn, the data 
for proportions are not perfectly correct. 
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When thrown into muriatic acid gas, it instantly becomes 
coated with muriate of ammonia, and a small quantity of 
hydrogene is disengaged. 

In sulphuric acid it becomes coated with sulphate of am¬ 
monia and sulphur, 

I attempted by a variety of modes to preserve this amalgam. 
I had hoped by submitting it to distillation out of the contact 
of air, or water, or bodies which could furnish oxygene, to be 
able to obtain the deoxygenated substance which had been 
united to the quicksilver in a pure form ; but all the circum¬ 
stances of the experiment opposed themselves to such a result. 

It is well known to persons accustomed to barometrical ex¬ 
periments, that mercury after being once moistened, retains 
water with great perseverance, and can only be freed from it 
by boiling; and in the cases of the decomposition of am¬ 
monia, when a soft amalgam had been kept continually moist, 
both internally and externally for some time, it could not be 
expected that all the water adhering to it should be easily 
removed. 

I wiped the amalgam as carefully as possible with bibulous 
paper ; but even in this process a considerable portion of the 
ammonia was regenerated; I attempted to free it from moisture 
by passing it through fine linen, but a complete decomposition 
was effected, and nothing was obtained but pure quicksilver. 

The whole quantity of the basis of ammonia combined 
in sixty grains of quicksilver, as is evident from the statements 
that have been made, does not exceed ~~ part of a grain, and 
to supply oxygene to this scarcely part of a grain of 

water would be required, which is a quantity hardly appre^ 
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ciable, and which merely breathing upon the amalgam would 
be almost sufficient to communicate. 

Hence, when an amalgam, which had been wiped by means 
of bibulous paper, was introduced into naphtha, it decomposed 
almost as rapidly as in the air, producing ammonia and hydro¬ 
gene. 

In oils it evolved hydrogene, and generated ammoniacal 
soap; and when it was introduced into a glass tube, closed by 
a cork, gas was rapidly formed, and the mercury remained 
free; and this gas, when examined, was found to consist of 
from about two-thirds to three-fourths ammonia, and the 
remainder hydrogene.* 

That more moisture sometimes existed attached to the 
amalgam, when wiped as dry as possible by bibulous paper, 
than was sufficient for the effect of decomposition, I soon 
found by an experiment of distillation. 

About a quarter of a cubic inch of an amalgam nearly solid 
was wiped very dry, and introduced into a small tube : in this 
tube it was heated till the gaseous matter had expelled the 
quicksilver; the tube was then closed, and suffered to cool, 
when moisture, which proved to be a saturated solution of 
ammonia, had precipitated upon it. 

I have mentioned that the amalgams obtained from am¬ 
monia, by means of the metals of the fixed alkalies or alkaline 
earths, seemed to contain much more ammoniacal basis in 
combination than those procured by electricity: and when 
they are combined with the metals of the fixed alkalies or 

* In the experiment of the action of the amalgam upon air, the oxygene is pro¬ 
bably absorbed by nascent hydrogene, and reproduces water, which is dissolved by the 
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of the earths in any considerable quantities, they are much 
more permament. 

Triple compounds of this kind, when carefully wiped, 
scarcely produce any ammonia under naphtha, or oil, and may 
be preserved for a considerable time in closed glass tubes, a 
little hydrogene being the only product evolved from them. 

I heated a triple amalgam obtained from ammonia by potas¬ 
sium, and which had been wiped by bibulous paper in a dry 
plate-glass tube over mercury; a considerable elevation of 
temperature was required before any gaseous matter was 
emitted, but the heat was raised till gas was rapidly formed, 
and the whole of the amalgam expelled from the tube: in 
cooling, the mercury rose very quickly in it, so that a great 
part of the gaseous matter had been either mercury or water, 
in vapour, or something which the mercury had absorbed in 
cooling The small quantity which was permanent, did not 
equal one half the volume of the amalgam. 

On the idea that this gas might be a compound of hydro¬ 
gene and nitrogene in the state of deoxygenation, I mixed a 
small quantity of oxygene gas with it, but no change of volume 
took place ; I then exposed it to naphtha, when one half of k 
was absorbed, which by the effect the naphtha produced upon 
turmeric must have been ammonia; the remaining gas 
analyzed was found to consist of the oxygene that had been 
introduced, and of hydrogene and nitrogene to each other in 
the proportion of nearly four to one. 

At first I was perplexed by this result, which seemed to 
prove the production of ammonia, independent of the pre¬ 
sence of any substance which could furnish oxygene to it, and 
to shew that its amalgamation was merely owing to its being 
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freed from water, and combined with hydrogene: but a satis¬ 
factory solution of the difficulty soon offered itself. Exposing 
the triple amalgam procured from ammonia by potassium to 
a concentrated solution of ammonia, I found that it had very 
little action upon it, and introducing the amalgam moistened 
by it into a glass tube, it had nearly the same permanency as 
the amalgam which had been wiped before it was introduced, 
a little hydrogene only being evolved ; but on heating the 
tube gaseous matter was rapidly generated, which proved to 
consist of two-thirds ammonia, and one-third hydrogene. 

In the instance in which the amalgam had been wiped, a 
small quantity of solution of ammonia, and perhaps of potash, 
must have adhered to it; and though the amalgam does not 
act upon this powerfully at common temperatures, yet when 
the water is raised in vapour, it tends to oxygenate both the 
basis of ammonia, and potassium, and hence hydrogene is 
evolved, and volatile alkali produced. 

I distilled an amalgam procured by potassium from am¬ 
monia, in a tube filled with the vapour of naphtha, and her¬ 
metically sealed, in the same manner as in the experiments for 
obtaining the metals of the earths, but in this case I procured 
ammonia, hydrogene, and nitrogene only, and pure mercury; 
and the residuum was potassium, which acted powerfully on 
the glass tube. 

In another experiment of the same kind, I kept one part of 
the tube cool by ice, at the time the other part was strongly 
heated, but nothing condensible except mercury was pro¬ 
duced, and the elastic products were the same as in the 
former instance. 

I endeavoured to procure an amalgam from ammonia, to 
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which no moisture could be supposed to adhere, by heating an 
amalgam of potassium in ammoniacal gas. The amalgam 
became covered with a film of potash, but it did not enlarge 
in its dimensions, and a considerable quantity of non-absorb- 
able gas, which was found to consist of five parts of hydrogene, 
and one of nitrogene, was produced. The amalgam after this 
operation did not emit ammonia by exposure to air, hence it 
seems probable, that for the deoxygenation of ammonia, and 
the combination of its basis with mercury, the alkali must be 
in the nascent state, or at least in that condensed form in 
which it exists in ammoniacal salts, or solutions. 

VI. Some Considerations of general Theory , connected with the 
Metallization of the Alkalies and the Earths. 

The more the properties of the amalgam obtained from 
ammonia are considered, the more extraordinary do they 
appear. 

Mercury by combination with about QO part of its weight 
of new matter, is rendered a solid, yet has its specific gravity 
diminished from 13.5 to less than 3, and it retains all its 
metallic characters ; its colour, lustre, opacity, and conducting 
powers remaining unimpaired. 

It is scarcely possible to conceive that a substance which 
forms with mercury so perfect an amalgam, should not be 
metallic in its own nature ;* and on this idea to assist the discus- 

* The nature of the compounds of sulphur and phosphorus with mercury, favours 
this opinion; these inflammable bodies by combination, impair its metallic properties ; 
cinnabar is a npn*conductor, and it would seem from Pellbtier’* experiments, 
Ann. de Chemie, vol. xiii. p. 125, that the phosphuret of mercury is not metallic in 
its characters; charcoal is a conductor, and in plumbago carbon approaches very 
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discussion concerning it, it may bs conveniently termed am¬ 
monium. 

But on what do the metallic properties of ammonium 
depend ? 

Are hydrogene and nitrogene both metals in the aeriform 
state, at the usual temperatures of the atmosphere, bodies of 
the same character, as zinc and quicksilver would be in the 
heat of ignition ? 

Or are these gases, in their common form, oxides, which 
become metallized by deoxydation ? 

Or are they simple bodies not metallic in their own nature, 
but capable of composing a metal in their deoxygenated, and 
an alkali in their oxygenated state ? 

These problems, the second of which was stated by Mr. 
Cavendish to me, and the last of which belongs to Mr. Ber¬ 
zelius, offer most important objects of investigation. 

I have made some experiments in relation to them, but as 
yet unsuccessfully. I have heated the amalgam of potas¬ 
sium, in contact with both hydrogene and nitrogene, but 
without attaining their metallization ; but this fact cannot be 
considered as decisively for or against any one of these con¬ 
jectures. 

I mentioned in the Bakerian Lecture for 1807, that a modi¬ 
fication of a phlogistic chemical theory might be defended on 
the idea that the metals and inflammable solids, usually called 
simple, were compounds of the same matter as that existing in 

near to a metal in its characters, so that the metallic nature of steel does not mili¬ 
tate against the reasoning in the text. The only facts which I am acquainted with, 
that do militate against it, are the metallic characters of some of the sulphurets and 
phosphurets of the imperfect metals. 
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hydrogene, with peculiar unknown bases, and that the oxides, 
alkalies, and acids were compounds of the same bases with 
water, and that the phenomena presented by the metals of the 
fixed alkalies might be explained on this hypothesis. 

The same mode of reasoning may be applied to the facts 
of the metallization of the earths and ammonia, and perhaps 
with rather stronger evidences in its favour, but still it will 
be less, distinct and simple, than the usually received theor} r 
of oxygenation, which I have applied to them. 

The general facts of the combustion, and of the action of 
these new combustible substances upon water, are certainly 
most easily explained on the hypothesis of Lavoisier ; and 
the only good arguments in favour of a common printing 0 f 
inflammability, flow from some of the novel analogies in 
electrochemical science. 

Assuming the existence of hydrogene in the amalgam of 
ammonium, its presence in one metallic compound evidently 
leads to the Suspicion of its combination in others. And in 
the e^ctrical powers of the different species of matter, there 
are circumstances which extend the idea to combustible sub¬ 
stances in general. Oxygene is the only body which can be 
supposed to be elementary, attracted by the positive surface 
in the electrical circuit, and all compound bodies, the nature of 
which is known, that are attracted by this surface, contain a 
considerable proportion of oxygene. Hydrogene is the only 
matter attracted by the negative surface, which can be con¬ 
sidered as acting the opposite part to oxygene ; may not then 
the different inflammable bodies, supposed to be simple, con¬ 
tain this as a common element ? 

Should future experiments prove the truth of this hypo- 
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thesis, still the alkalies, the earths, and the metallic oxides will 
belong to the same class of bodies. From platina to potas¬ 
sium there is a regular order of gradation as to their physical 
and chemical properties, and this would probably extend to 
ammonium, could it be obtained in the fixed form. Platina 
and gold in specific gravity, degree of oxidability, and other 
qualities, differ more from arsenic, iron, and tin, than these 
last do from barium and strontium. The phenomena of 
combustion of all the oxidable metals are precisely analogous. 
In the same manner as arsenic forms an acid by burning in 
air, potassium forms an alkali and calcium an earth ; in a man¬ 
ner similar to that in which osmium forms a volatile and acrid 
substance by the absorption of oxygene, does the amalgam of 
ammonium produce the volatile alkali; and if we suppose 
that ammonia is metallized, by being combined with hydro¬ 
gene, and freed from water, the same reasoning will likewise 
apply to the other metals, with this difference, that the ad¬ 
herence of their phlogiston or hydrogene, would be exactly 
in the inverse ratio of their attraction for oxygene. In 
platina * it would be combined with the greatest energy ; in 
ammonium with the least; and if it be separable from any 

* The common metallic oxides are lighter than their bases, but potash and soda 
are heavier; this fact may be explained on either theory ; the density of a compound 
will be proportional to the attraction of its parts, Platina, having a weak affinity for 
oxygene, cannot be supposed to condense it in the same degree as potassium does ; 
or if platina and potassium be both compounds of hydrogene, the hydrogene must be- 
attracted in platina> with an energy infinitely greater than in potassium. Sulphuric 
acid is lighter than sulphur ; but phosphoric acid (where there is a stronger affinity) 
is heavier than phosphorus. The oxide of tin (wood tin) is very little interior to tin 
in specific gravity. In this instance the metallic base is comparatively light, and the 
attraction for oxygene strong ; and in a case when the metal is much lighter and the. 
attraction for oxygene stronger, it might be expected a priori that the oxide would be 
heavier than the base. 
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of the metals without the aid of a new combination, we may 
expect that this result will be afforded by the most volatile 
and oxidable, such as arsenic, or the metals of the fixed 
alkalies, submitted to intense heat, under electrical polarities, 
and having the pressure of the atmosphere removed. 

Whatever new lights new discoveries may throw upon 
this subject, still the facts that have been advanced, shew that 
a step nearer at least has been attained towards the true 
knowledge of the nature of the alkalies and the earths.* 

* Since the facts in this Paper were communicated to the Royal Society, I have 
seen an account of some very curious experiments of M.M. Gat Lussac, and 
Thenard, (in Number 148 of the Moniteur, for 1808, which I have just received,) 
from one of which they have concluded, «* that potassium may be a compound of 
hydrogene and potash.” 

These gentlemen are said to have heated potassium in ammonia, and found that 
the ammonia was absorbed, and that hydrogene gas equal to two-thirds of its 
volume appeared, and that the potassium by this process had become of a grayish- 
green colour. By heating this grayish-green substance considerably, two-fifths of the 
ammonia were again emitted, with a quantity of hydrogene and nitrogene correspond¬ 
ing to one-fifth more, and by adding water to the mixture, and heating it very strongly 
again, they obtained the remainder of the ammonia, and nothing but potash was left. 

In these complex processes, the phenomena may be as easily explained on the idea 
of potassium being a simple, as that of its being a compound substance; nor when 
the facts that have been stated in this paper and those about to be stated, are con¬ 
sidered, can the view of these distinguished chemists, as detailed in the notice referred 
to, be at all admitted. 

Potash, as I have found by numerous experiments, has no affinity for ammonia, for 
it does not absorb it when heated in it; it is not therefore (allowing their theory) 
possible to conceive that a substance having no attraction for potash, should repel 
fiom it a substance which is intimately combined with it, and which can be separated 
in no other way. 

A part of 1 he hydrogene evolved in their experiment, may be furnished by water 
contained in the ammonia; but it is scarcely possible that the whole of it can be 
derived from this source, for on such an idea the ammonia must contain more than half 
its weight of water. There is however no evidence that the whole of the hydrogene may 
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Something has been separated from them which adds to 
their weight; and whether it be considered as oxygene, or as 

not be furnished by the decomposition of the volatile alkali itself. Potassium in its first 
degree of oxygenation, may have an affinity for nitrogene, or potassium may expel a 
portion of hydrogene at the moment of its combination with ammonium; and as the 
whole of the arhmoni'a cannot be regenerated without the presence of water; hydro¬ 
gene and a little oxygene may be furnished to the remaining elements of the ammonia, 
from the water, and oxygene to the potassium. 

Even before the conclusion was formed, that a metallic substance is decomposed in 
this experiment, it should have been proved that the nitrogene had not been altered. 

That mere potash, combined with hydrogene, cannot form potassium, is I think 
shewn by an experiment which I tried, in consequence of the important fact lately 
ascertained by M.M. Gay Lussac, and Thenard, of the deoxydation of potash by 
iron. 

An ounce of potash was kept in ignition for some time in an iron tube, ground 
into a gun barrel in which one ounce and a half of iron turnings were ignited to white¬ 
ness ; a communication was opened, by withdrawing a wire which closed the tube 
containing the potash, between that alkali and the metal. 

As the potash came in contact with the iron, gaseous matter was developed, which 
was received in a proper apparatus, and though some of it was lost by passing through 
the potash into the atmosphere, yet nearly half a cubic foot was preserved, which 
proved to be hydrogene. In the tube were found two products, one in the quantity 
of a few grains, containing potassium, combined with a small quantity of iron, and 
which had sublimed in the operation, and the other a fixed white metallic substance 
which consisted of an alloy of iron and potassium. 

The first of these substances burnt when thrown upon water; and in its other 
characters resembled pure potassium, except that its specific gravity was greater, its 
colour less brilliant, and when it tarnished in the atmosphere, it became of a much 
deeper colour than pure potassium, 

Now potash that has been ignited, is the purest form known of this alkali; but 
on M. M. Gay Lussac’s and Thenard’s theory, this potash must contain water, 
not only sufficient to furnish hydrogene to metallize the alkali, but likewise the quan¬ 
tity disengaged : dry potash then, as it is procured in our experiments, must on this 
theory be a compound, containing a considerable quantity of matter which ca$ 
furnish hydrogene ; and what would be its form or properties if deprived of this 
matter we are wholly unable to judge, which brings this question to the general 
question discussed in the text. 
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water, the inflammable body is less compounded, than the 
uninflammable substance resulting from its combustion. 

Potassium l find may be produced readily from dry ignited potash in electrical ex¬ 
periments ; and the result of the combustion of potassium in oxygene gas is an alkali, 
so dry that it produces violent heat, and ebullition when water is addecf to it. 

I/i M.M. Gay Lussac’s and Thenarej’s experiment on the action of potassium 
on ammonia, the hydrogene disengaged in the first process, and that existing in the 
ammonia disengaged in the second process, exactly equals the whole quantity con¬ 
tained in the ammonia. But there is no proof of any hydrogene being disengaged 
from the potassium, for the ammonia lost is not generated, nor potash formed, but by 
the addition of a substance, consisting of oxygene and hydrogene j and as the three 
bodies concerned in this experiment a*e potassium, ammonia, and water, the result 
ought to be potash, ammonia, and a quantity of hydrogene, equal to that evolved by 
the mere action of water on potassium, which is said to be the case. 

Even if there were no other proofs, the chemical properties of potassium are so 
wholly unlike those that might be expected from a compound of potash and hydro- 
gene, that they are almost sufficient to decide the question. Potassium acts upon water 
with much more energy than potash, and produces much more heat in it; and yet if a 
compound of hydrogene, the affinity of potash for water must be diminished by its 
affinity for hydrogene, to say nothing, of the quantity of heat, which ought (on the 
common theory of capacity for heat) to be carried off by this light inflammable gas. 

Potassium burns in carbonic acid, and precipitates charcoal from it j whereas 
hydrogene electrized with carbonic acid, converts it into gaseous oxide of carbon. 

Potash has a very slight attraction for phosphorus; but potassium has a very 
strong affinity for it, so as to separate it from hydrogene, and according to M.M. 
Gay Lussac and Thenard, with the phenomena of inflammation. Potash 
has no affinity for arsenic, yet from the experiments of these gentlemen, it appears 
that potassium separates arsenic from arseniated hydrogene ; and hydrogene, which is 
supposed by them to exist in both compounds, can have no affinity for hydrogene, 
nor can hydrogene in one form, be supposed capable of separating arsenic from hydro¬ 
gene in another form. 

Could not the experiment of M. M. Gay Lussac and Thenard be explained, 
except on the supposition of the hydrogene being derived from the potassium, it would 
be a distinct fact in favour of the revival of the theory of phlogiston. It would not 
prove, however, that potassium is composed of hydrogene and potash, but that it is 
composed of hydrogene and an unknown basis 5 and that potash is this basis united 
to water. 
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Other hypotheses might be formed upon the new electro¬ 
chemical facts, in which still fewer elements than those allowed 
in the antiphlogistic or phlogistic theory might be maintained. 
Certain electrical states always coincide with certain chemical 
states of bodies. Thus acids are uniformly negative, alkalies 
positive, and inflammable substances highly positive ; and as I 
have found, acid matters when positively electrified, and alka¬ 
line matters when negatively electrified, seem to loose all their 
peculiar properties and powers of combination. In these in¬ 
stances the chemical qualities are shewn to depend upon the 
electrical powers ; and it is not impossible that matter of the 
same kind, possessed of different electrical powers, may 
exhibit different chemical forms.* 

* Phil. Trans. 1807, Part I. p. 23. The amalgam obtained from ammonia offers 
difficulties to both the phlogistic and antiphlogistic hypotheses. If we assume the 
phlogistic hypothesis, then we must assume that nitrogene, by combining with one 
fourth of its weight of hydrogene can form an alkali, and by combining with one- 
twelfth more, can become metallic. If we reason on the antiphlogistic hypothesis, we 
must assert, that though nitrogene has a weaker affinity for oxygene than hydrogene, 
yet a compound of hydrogene and nitrogene is capable of decomposing water. 

The first assumption is however by far the most contradictory to the order of com¬ 
mon chemical facts ; the last, though it cannot be wholly removed, is yet lessened by 
analogies. Thus alloys in general, and inflammable compounds, are more oxidable 
than the simple substances that compose them. Sulphuret of iron at common tem¬ 
peratures decomposes water with facility, whereas sulphur under the same circum¬ 
stances, has no action on water, and iron a very small one. The compound of phos¬ 
phorus and hydrogene, is more inflammable than either of its constituents. 

Should a new theory of the dependence of the chemical forms of matter upon elec¬ 
trical powers be established, the facts belonging to ammonium would admit of a more 
easy solution. Ammonium might be supposed to be a simple body, which by com¬ 
bining with different quantities of water, and in different states of electricity, formed 
nitrogene, ammonia, atmospherical air, nitrous oxide, nitrous gas, and nitric acid. 

Water, on this idea, must be supposed a constituent part of all the different gasses; 
but its electricities in oxygene and hydrogene would probably be the very reverse of what 
they have been supposed by M. Ritter, and some ingenious English enquirers. 
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I venture to hint at these notions: but I do not attach 
much importance to them ; the age of chemistry is nor yet 
sufficiently mature for such discussions ; the more subtile 
powers of matter are but just beginning to be considered ; and 
all general views concerning them, must as yet rest upon 
feeble and imperfect foundations. 

Whatever be the fate of the speculative part of the en¬ 
quiry, the facts however will, I hope, admit of many applica¬ 
tions, and explain some phenomena in nature. 

The metals of the earths cannot exist at the surface of the 
globe ; but it is very possible that they may form a part of the 
interior ; and such an assumption would offer a theory for the 
phsenomena of volcanoes, the formation of lavas, and the 
excitement and effects of subterraneous heat,* and would 
probably lead to a general hypothesis in geology. 

The luminous appearance of those meteors connected with 
the fall of stones, is one of the extraordinary circumstances of 
these wonderful phenomena. This effect may be accounted 

Water positively electrified would be hydrogene, water negatively electrified, oxygene; 
and as in the physical experiments of temperature, ice, added to certain quantities of 
steam by an equilibrium of heat produces water, so in the chemical experiment of the 
generation of water the positive and negative electricity of oxygene and hydrogene 
in certain proportions would annihilate each other, and water alone be the result. 
At all events ammonium, whether simple or compound, must be considered as owing 
its attraction tor oxygene to its highly positive electrical state, which is shewn by its 
powerful determination to the negative surface in the Voltaic circuit. 

* Let it be assumed that the metals of the earths and alkalies, in alloy with common 
metals, exist in large quantities beneath the surface, then their accidental expo¬ 
sure to the action of air and water, must produce the effect of subterranean fire, and 
a product of earthy and stony matter analogous to lavas. 
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for, by supposing that the substances which fail, come into 
our atmosphere in a metallic state; and that the earths they 
principally consist of are a result of combustion ; but this idea 
has not the slightest connexion with their origin or causes. 
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